Google 



This is a digital copy of a book that was preserved for generations on library shelves before it was carefully scanned by Google as part of a project 

to make the world's books discoverable online. 

It has survived long enough for the copyright to expire and the book to enter the public domain. A public domain book is one that was never subject 

to copyright or whose legal copyright term has expired. Whether a book is in the public domain may vary country to country. Public domain books 

are our gateways to the past, representing a wealth of history, culture and knowledge that's often difficult to discover. 

Marks, notations and other maiginalia present in the original volume will appear in this file - a reminder of this book's long journey from the 

publisher to a library and finally to you. 

Usage guidelines 

Google is proud to partner with libraries to digitize public domain materials and make them widely accessible. Public domain books belong to the 
public and we are merely their custodians. Nevertheless, this work is expensive, so in order to keep providing tliis resource, we liave taken steps to 
prevent abuse by commercial parties, including placing technical restrictions on automated querying. 
We also ask that you: 

+ Make non-commercial use of the files We designed Google Book Search for use by individuals, and we request that you use these files for 
personal, non-commercial purposes. 

+ Refrain fivm automated querying Do not send automated queries of any sort to Google's system: If you are conducting research on machine 
translation, optical character recognition or other areas where access to a large amount of text is helpful, please contact us. We encourage the 
use of public domain materials for these purposes and may be able to help. 

+ Maintain attributionTht GoogXt "watermark" you see on each file is essential for in forming people about this project and helping them find 
additional materials through Google Book Search. Please do not remove it. 

+ Keep it legal Whatever your use, remember that you are responsible for ensuring that what you are doing is legal. Do not assume that just 
because we believe a book is in the public domain for users in the United States, that the work is also in the public domain for users in other 
countries. Whether a book is still in copyright varies from country to country, and we can't offer guidance on whether any specific use of 
any specific book is allowed. Please do not assume that a book's appearance in Google Book Search means it can be used in any manner 
anywhere in the world. Copyright infringement liabili^ can be quite severe. 

About Google Book Search 

Google's mission is to organize the world's information and to make it universally accessible and useful. Google Book Search helps readers 
discover the world's books while helping authors and publishers reach new audiences. You can search through the full text of this book on the web 

at |http: //books .google .com/I 



THE 

EDINBUKGH NEW 

PHILOSOPHICAL JOURNAL, 

EXHIBITINa A VIEW 07 THB 

PROGRESSIVE DISCOVERIES AND IMPROVEMENTS 

IN THB 

SCIENCES AND THE ARTS. 



CONDUCTED BT 

ROBERT JAMESON, 

SEOIUS PKOFSSSOS OF NATUKAL HISTOBT, LECTUREB OM MINCBALOOT, AMD KBBPEB OF 
TEUB MU8ECM IN THE UXIVEBSITT OF KDINBUBOH ; 

Fellow of the Rojrml Societies of London mad Edinburgh ; Honorary Mnnber of the Royal Irish Academy ; of the 
Royal Boeieiy of Sciences of Denmark ; of the Royal Academy of Sciences of Berlin ; of the Royal Academy of 
Ns^es ; of the Geological Society of France ; Honorary If ember of the Asiatic Society of Calcutta ; Fellow '.; 
the Linnean and Oeologieal Societies of London ; of the Royal Gooloffieal Society of Cornwall, and of the 
Cambridge Philosophical Society; of the Antiquarian, Wemerian Natural History, Royal Medical, Royal 
Physieal, and Horticultural Societies of Edioborgh ; of tlie Highland and Agricultural Society of Scotland ; of 
the Antiquarian and Literary Society of Perth ; of the Statistical Society of Glasgow ; of the Royal Dublin 
Society ; of the Torlc, Bristol, Camhrian, Whitby, Northern, and Corit Institutions ; of the Natural History So- 
deCy of Nortbnmharlaad, DmlHm, and Newcastle ; of the Imperial Pharmaceutical Society of Petersburgh ; of 
the Natural History Society of Wetterau ; of the Mineralogical Society of Jena ; of the Rojnd Mineralogieal So- 
ciety of Dresden ; of the Natural History Society of Paris ; of the Philomathlc Society of Paris; of the Natural 
History Society of Calvados ; of the Senkenberg Society of Natural History ; of the Society of Natural Sciences 
and Medicine of Heidelberg ; Honorary Member of the Literary and Philosophical Society of New York ; of 
the New York Historical Society ; of the American Antiquarian Society ; of the Academy of Natural Sciences of 
Philadelphia ; of the Lyceum of Natural History of New York ; of the Natural History Society of Montreal ; of 
the Franklin Instttute of the State of Pennsylvania for the Promotion of the Mechanic Arts ; of the Geological 
Society of Peansylyania t of the Boston Society of Natural History of the United States ; of the South AfHcan 
Institution of the Cape of Good Hope ; Honorary Member of the Statistical Society of France ; Member of the 
Bntomologkal Society of Stettha, ftc ftc ftc. 



APRIL .... OCTOBER 1842. 
VOL. XXXIII. 

TO BE CONTINUED QUABTERLY. 

EDINBURGH : 



* J u 



ADAM & CHARLES BLACK, EDINBUEGH; 
LONGMAN, BROWN, GREEN & LONGMANS, I.CNDQN. 



1842. 



« 



V. % 









A^rr-*^ • V ''^'% 



v;. { 




1. c ^ ^ 



^ ^ V. *• 



PRINTED BY NKILL Sc CO.^ OLD FISHMARKET. 



C 4. W < 



w c w w V 



CONTEI^TS. 



I « t 



Piige 
Art. I. On the most recent Disturbance of the Crust of the 
Earth, in respect to its suggesting^ an Hypothesis 
to account for the Origin of Glaciers. By Sir G. 
S. Mackenzie, Bart., F.R.S. L. & Ed., &o. Read 
before the Royal Society of Edinburgh on the 7th . 
March 1842. Communicated by the Author, . 1 

II. On the cause of the Diminution of the fall of Rain 
as the height above the ground increases. By 
James Dalmahot, Esq. Communicated by the 
Author, 10 

III* Observations on the Defects of Rain-Gauges, with 
description of one of an improved form. By 
Thomas Stevensok, Civil Engineer. Commu- 
nicated by the Royal Scottish Society of Arts« 1 2 

IV. Microscopical Researches on the Conformity of 
Structure and Growth in Animals and Plants. 
By M. ScHWAtfN, . . .21 

V. On the Comparative Evaporative Power of Coal 
and of Coke. By Andrew Fyfe, M.D., F.R.S.E., 
. F.R.S.S.A. Communicated by the Royal Scot- 
' tish Society of Arts, • . . . .31 

• * 

•VI. On «ome Geological and Physical Considerations 
connected trith certain portion* of the Glacier 
Theory of M. Agassiie. By ProftfiSOr H. Q . Bb.O!X!s 
6f Heidelberg, , , • v . ^^ 



J 



coKTENTs* iii 

Olanconite, 155 

* Neocomian Formation, 1 56 

Tertiary Formations, • • 156 

Molasse, 15(1 

Nagelflue, 159 

Diluyimn and Erratic Blocks, 161 

General Conclusions, 162 

XVII. On the structure of the Iiitestiual Villi in Man and 
certain of the Mammalia, with some observations 
on Digestion, and the Absorption of Chyle. By 
[ JoHX GooDsiR, Esq., M.W.S., Surgeon, and Con. 
seryator of the Museum of the Royal College of 
Surgeons, Edinburgh. Communicated by the 
• Author, . . . • . . . .165 

XVIII. On a New Genus, and on Six New Species of 
Crustacea, with Observations on the development 
of the Egg, and on the metamorphoses of Caligfus, 
Carcinus, and Pagurus. By Henry D. S. Good- 
sir, Esq., Surgeon, Anstruther. Communicated 
by the Author. 1 74 

SECT. I. — On a New Gcnns, with descriptions of Three 
New Species of Stomapoda, 1 74 

SECT. II. — On the development of the Ova, and on the me- 
tamorphoses of Caligus, 1 78 

SECT. III. — On Zoe — The development of the Ovum, and 
the metamorphoses of Carcinus Bisenas, and Pagurus 
Bemhardus, 181 

SECT. IV. — On the Structure and Habits of the Caprellse ; 
with descriptions of some new Species, . • .183 

• • 

XIX. Additional Observations on Fibre, contained in a 
Memoir lately read to the Royal Society of Lon- 
don. By Martin Barry, M.D., F.R.S., Lond. 
and Ed., .. • . . . , . • |92 

XX. Lord Gray's Meteorological Table for 1841, . 195 

XXI. Proceedings of the Royal Society of Edinburgh. 

Continued from vol. xxxi. p. 401, . . .196 

XXII. Proceedings of the Wernerian Natural History 

Society. Continued from vol. xxxii. p. 400, • 197 

XXIII. Procedin^*^ of the Royal Scotti^Vv So^Vit^ OiK 



iv COKTIirtlU 

XXIV. ScisNTiFic Intelligences- 
geology AND MINEBALOGT. 

1. On Fan-Shaped Stratification, . . ^ . . 200 

2. Geognostical position of the numerovul ttiMses of native 

Copper in North America, 201 

3. The Great Crater of the Volcano in Hawaii, .202 

4. Jamesonite, 203 

6. CiystaUixed Gold, 203 

6. On the Composition of the Asbestus of Scharzenstein in 

the Ziller Thai in the Tyrol, 203 

7* Geokronite, ....••.. £04 
8. Meeting of the Geological Society of France at Aix, • 204 
d. Sounding Sands, . « » 204 

10. Fossil Foraminifera in the Green Sand of New Jersey, 

(America), 205 

ZOOLOGY. 

11. Notice of a Memoir on the Organic TiMues in the bony 

structure of Corallidae, lately read before the Royal So- 
ciety. By J. S. BowBBBANK, Esq., F.G.S., . • 206 

12. Silk Worms, 207 

13* Snail Trade of Ulm, • . 207 

14. Notice of a Memoir lately read before the ttoyal Society 

on the ultimate Distribution of the Air^Passages, and of 
the Modes of Formation of the Air- Cells of the Lungs. 
By William Addison, F.L.S., Surgeon, Great Mal- 
vern, 207 

15. Loss and Recovery of Mr Swainson's Library, . . 208 

ABTS, &c 

U. Speed of Travelling, ....... 208 

17. Improvement in Paving Streets, 208 

ik Eastern Method of Measuring lime, . • . 209 

XXV. New Publications, 210 

XXVI. List of Patents granted for Scotland /rom 28th 

December 1S41 to l6th March 1842, . .211 

XXVII. List of Patents granted for Scotland f^m 16th 

March 1842 to 23d June 1842, . • .214 



CONTENTS. 



Page 
Art. I. The Glacial Theory and its recent progreRS. By 

Louis Aoassiz, Doctor of Philosophy and Medi- 
cine; LL.D. of Edinburgh and Dublin; Knight of 
the Order of the Red E^Ie of Prussia ; Professor 
of Natural History in the Academy of Neuchatcl. 
Communicated by the Author. With a Plate, 217 

I. The Erratic Phenomenon — 

1. The phenomena proper to the interior of valleys, 221 

2. The Dispersion of Erratic Blocks in Plains, at great 

distances from their Origin; • ^26 

3. Parallel Terraces, .... 236 
II. Researches on Existing Glaciers, . 240 

Mode of Living on tlic Glacier, . . . 278 

II. On the Occurrence of Platina and Diamonds in 

Borneo, ...... 284 

III. On some Peculiar Changes in the Internal Struc- 

ture of Iron, independent of, and subsequent to, the 
several processes of it« manufacture. By Charles 
Hood, Esq., F.R^A.S,, &c. ... 286 

IV. On a Re-arraiigenient of the Molecules of a body 

after solidification. By Robert Waringtox, Esq. 292 

V. On a new method of Illuminating' Church Clocks. 
By Mr R. Bryson, Edinburgh. Communicated by 
the Royal ^Scottish Society cf Arts, . . 293 

VI. On the Mechanical Arts of Persia. By James Ro- 
bertson, Esq., Civil and Mining Engineer, Edin- 
burgh, late in the service of the Shah of Persia. 
Communicated by the Royal Scottish Society of 
Arts. With a Plate, .... 296 



Page 
VII. On Nebulw. By M. Arago, . . .307 

Definitiona, ...... 307 

Nature of Nubulip, ..... 308 

Historicnl Sketch of the Discoverj of Nebula, . . 3|0 

BtmlvnUe Nebvlic. 

W Their Form, .311 

W Circular Ntbuiie, . . -311 

' Nomber of St.irs contained in certnin Globular Nebula:, 3 ] 3 

Ferforoted or Anuular Nebulic, . . 313 

Nebulie nre not uniformlf diBsoniinutcd tlirougli nil the re- 

^onti of the lleuvena, . ■ . •314 

Nebulaa couaideied in their relations to the Burrounding 

apuces, ....... 314 

Tbo apncoa poorest in Stars are neui the richest Nebalcc, 3 1 4 
A'dniloitt Mallei: 

The Difiiisod Matter occapios very extensive Epaces in tho 

Heavena, . . . . . -315 

The great Luminous spots have no regular farm. . 3 |5 

Of the Light of True Nebula;, . . . 3IG 

Distribution of the Phosphore scent Matter inl^ue Nebitls, 3 17 
Historical details on the Transformation of Ncbulx into 

Stara, . . . . . . .319 

Of the Condensation tho Diffused Matter mast undergo in 

order to be transformed into Stara, . ■ . 32t 

Comparative intensities of tho total Light of a Nebula, and 

the Condensed Light of n Star, 
Chnngea Obierved in certain Nebuiac, . . . 33tf 

Plunetarj Nebulfe, ..... 

Diffused Cosmic Matter, not Inminoas of itself, and imper- 
fectly diaphanous, ..... 
Jliltn Way. 
Opiniona of the Ancients 00 the Milky Way. . . 326 

Opinions of the Moderns, .... 328 

Herscbel's Jabonra on the Milky Way, . . .330 

Will lIiB Milky Way endure for ever in the form in which 

we now see it! 334 

VIII. Some Remarks on tlie Ancient Peravians. By Sa- 
muel Geoiige Morton, M.D., . . . 335 
IX. Pbofessou Fobbes' Account of his Recent Obscr- 
vatioii.s on Gmciets. Communicated in Letters 
to the Editor 338 

X. Notes oil the ERl'cts produced by the Ancient Gla- 
ciers of CaeriiHrvonshire, and on the Boittders 
transported by Floating Ice. By Charles Das- 
vfiti, Es<]., M.A., F.a.S., and F.G.S.. . . 3&2 



IZI 



• • • 



CONTENT*. Ill 

Page 

XI. Descriptions of some New Crustaceous Animals 

found in the Firth of Forth. By Hbnrt Gooi>- 

SIR, Esq., Surgeon, Anstruther. Communicated 

by the Author. With a Plate, • • • 363 

Section I. On the Gtenus Hunnai • . 363 

Sociion II. On the Genus Eradne, • . 356 

Section IIL On a new Genua of Pycnogonidse, . 367 

XII. Extracts from Professor Valentin's Report on 

the Progress of Embryology in the year 1840, 368 

XIII. Notices of Earthquake- Shocks felt in Great Britain, 
and especially in Sco!tb|pd, with inferences sug- 
gested by these Notices' as ib the Causes of the 
Shocks. By David Milne, Esq., F.R.S.E., M.W.S., 
F.G.S, &c. Communicated by the Author. Con* 
tinned from volume xxxii., p. 378, . . • 372 

II. Accounts from more distant parts of the Coontry. 

1. Accounts from districts west of Comriei • 372 

2. Accounts from districts north-west of Gomrie, 375 

3. Accounts from districts to the nortlr of Comrie, 375 • 

4. Accounts from districts north-east of Comrie, 383 

XIV. On the Succession and Development of Organised 
Beings nt the Surface of the Terrestrial Globe ; 
being a Discourse delivered at the Inauguration 
of the Academy of Neuchatel. By Professor 
Louis Agassiz, 



yi^^ 



XV. Account of Observations recently made on the Gla- 
cier of the Aar. By Professor Louis Agassiz, 399 

XVI. Proceedings of the Royal Scottish Society of Arts, 403 

XVII, List of Patents granted for Scotland from 29th 

June to 20th September 1842, . . .414 

XVIII. Index, . , 417 



THE 



EDINBURGH NEW 

PHILOSOPHICAL JOURNAL. 



On the most recent Disturbance of the Crust of the Earth, in 
respect to its suggesting an Hypothesis to account for the 
Origin of Glaciers, By Sir 6. S. Mackenzix, Bart., 
F.R.S.L. & Ed., &c. Read before the Royal Society of 
Edinburgh on the 7th March 1842. Communicated by the 
Author. 

The attention of geologists has for some time been directed 
to the present condition of the surface of the earth, in a man- 
ner calculated to bring many new facts to light, by means of 
a more careful examination of those,, already observed, and 
which have given rise to various speculations respecting their 
(Nrigin. There may be perhaps too great a tendency towards 
attributing to a single cause the whole phenomena of a class. 
While the debacle theory appears adequate to explain a great 
deal in reference to transported materials, there exist obsta- 
cles to its general application not yet cleared away ; but, in 
regard to various local appearances, it is likely, when modi- 
fied, to stand its ground in special cases. The same remark 
may be applied to the glacier theory. Professor Agassiz gave 
up his idea of a universal glacier having existed, and having 
been elevated at the same time with the Alps, probably be- 
cause he could find no origin from whence such a coating of 
ice could have been derived. Some have appealed to astro- 
nomy for proof of the possibility of the surface of the earth 
having been at one period frozen ; suppo^Vug \\vaX ^i^tVidxxi 
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2 Sir G. S, Mackenzie on the most recent 

alow but enduring forces may have produced such changes in 
the relations of the earth to the sun, as would have caused 
great eold on the surface. But such appeals to accouut for 
ice — or, to account for a debacle, such an idea as that of a 
comet coming into collision with the earth, suddenly changing 
its axis, and giving it a new equator, are scarcely to be admit- 
ted, while there remains a chance of finding geological causes 
sufficient to solve our difficulties. Astronomical changes are 
slow, and I apprehend we need to find means for a sudden 
production of cold and ice ; for, when we contemplate the pre 
sence, in regions beyond the tropics, of the remains of ani- 
mals which required a temperature approaching to that with- 
in them, we see no indication of any but a sudden change. 
Hence came the notion of a catastrophe caused by a comet. 

The cause which might have effected a reduction of tem- 
perature in the crust of the eai'th, to a degree that would 
count for the surface having been formerly covered with ice, 
or at least for the glaciers of Switzerland having, at a former 
period, stood much higher and extended much farther than at 
present, is yet in obscurity. It is with some diffidence that 
I venture to submit to the Society what has occurred to me 
on this interesting subject ; but being persuaded of the im- 
portance of exciting the minds of others into a train of think- 
ing that may perhaps lead to the development of ideas more 
plausible than my own, I do venture, in the hope that my 
conjectures may elicit from other minds something more sa- 
tisfactory. I have been anxious to discover whether any such 
effect as a considerable refrigeration of the surface, and the 
production of ice, might not have followed some of those dis- 
turbances of the rocky crust, which are so plainly indicated 
by the present relative position of the broken masses. 

The evidence that the glaciers of Switzerland have stood 
at a higher elevation, and that they had extended much far- 
ther than they do at present, seems to be complete. That 
their reduction in elevation and extent had been caused by an 
increasing temperature of the earth and the influence of the 
sun combined, can scarcely be doubted. I had therefore to 
look first for some indications rendering it probable that the 
earth's cnut, wiiit reference to tempcratMu, l\ad been, pre- 
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3 to the formation of glaciers, in a condition different from 
itR present one, and such as would have admitted of some 
geological change adequate to produce such an alteration of 
that condition as might have originated glaciers ; and, second, 
for means of a gradual reBtoration to the first condition of 
temperature, such as might bring about the changes that have 
since effected a diminution of the elevation and extent of the 
glaciers. I will consider, therefore, — 

I. What the condition of the crust of the earth probably 
was before the most recent disturbance occurred. 

II, The probable cause which brought about that disturb- 
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I, The effects which were likely to follow. 



It has been very generally supposed that the elevation 
of the primitive rocks into their present position has been 
caused by the invasion of granite and other matter which we 
find filling the veins which traverse them. This appears to 
have been a mistaken notion. We see lofty precipices, the 
faces of which exhibit veins of granite traversing gneiss, and 
the granite flush with the rock. Now, had the granite been, 
OS is supposed, in a fluid state at the moment when the strata 
were broken and pushed upwards, so as to form precipices 
clear of the rest of the rock, the fluid matter must have run 
out of the spaces occupied by the veins. It is, then, an UU' 
avoidable inference that the granite was solid at the period 
of elevation ; and that it is a mistake to affirm the force which 
drove the granite into the fissures of the rock to have been 
the same, in point of time, that gave to the masses their pre- 
sent disrupted appearance. The same observations apply to 
trap. Before precipices displaying trap-veins were elevated, 
the trap had invaded the rock and become solid. As we find 
trap cutting granite, we ascribe this to a period more recent 
than that when the granite was produced. We also find trap- 
veins cutting older trap, and these also must have existed be- 
fore the rocks were brouglit into their present position, bo as 
to give to the earth its uneven and broken aspect. As we do 
find granite traversing trap, but observe numerous in- 
oftr&p eiittmg- granite, it is oWioas ttwA \\\e \'M«S\ 
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Sir G, S. Mackenzie on the most recent 
I of trap has been the most recent instance of matter having 
been proti-uded from below into fissures above. Many inva- 
sions are indicated by the display of numerous varieties of 
. granite, and of one granite cutting another ; and the same is 
■Hie case with trap and other invading matter. The most re- 
poent of all these appears to have been that which filled the 
rents of the secondaj-y strata and beds of trap with ti'ap ; and 
this must have happened before the crust of the earth was so 
displaced as to bring its broken parts into their existing state. 
All the matter in veins must have been solid before being ex- 
posed to view. It is not improbable that the invasion of pro- 
truded matter to a certain extent disturbed the rocks into 
■which it passed ; hut it does not appear that this had elevat- 
ed the land to any considerable degree. It would rather ap- 
pear that, before the rupture was cflFeeted which gave to the 
surface its present sliape, it was very little elevated. Hence 
I the general warmth of the climate in the temperate zone, in 
Iso far as influenced by the sun, must haie been greater than 
I it is now ; and there seems to be nothing in the way of the 
I supposition that the temperature of the crust of the earth was 
I siso greater from the influence of internal heat. These 
I causes combined may have rendered the temperate zone 
[ warmer by many degrees than it is now ; and it may have 
been habitable by those animals and plants, the remains of 
which, in certain localities, have caused much difficulty in 
geological speculation. 

With respect to the heat from the internal source, if we re- 
, fleet a moment, it will appear probable that it was formerly 
I greater in amount, from a consideration of the phenomena 
' whicli the most recent cataclysm has brought into view. The 
, rents which we now see filled with protruded matter could 
not have been made by a force sufficient to elevate the rocks 
in which they were made very much out of their original po- 
sition, because in that case the rents would not probably 
have been filled. It was necessary that the strata should still 
[ rest on the melted matter when they were broken, in order 
I .tiiat the pressure (operating, perhaps, in some other locality) 
nfgbt force it into the openings, and continue until it became 
R&y, prermting a collapse of tlie &\4«5 oi We &s,s,>Me?,. 1\a» 



Distttrbaiiee of the Crutt of the Eartk. 
accession of greatly heated matter would probably, if it did 
not increase the heat of the crust, contribute to keep it up. 
And as it appears that hot matter had invaded the crust at 
many diflFerent epochs, before it was elevated into its present 
shape, it seems reasonable to suppose that the temperature of 
climate, in so far as the influence of that of the earth extend- 
ed, was considerable.* 

It may be said that, according to these views, the crust of 
the earth should have been acquiring heat from the interior, 
since the period of the last cataclysm ; hut that we have no 
proof of this in the improvement of climate, but rather of 
the contrary. The only proof we can have, is the result of a 
long continued series of observations recently begun, at various 
depths, in mines. For it is obvious there are causes inde- 
pendent of the actual heat of the cnist, which operate in the 
regulation of climate. The causes of change in atmospheric 
temperature are as yet obscure ; and although we see cer- 
tain effects following certain apparent causes, such as boiste- 
rous and wet weather coming after the appeai-ance of the 
aurora borealis, we are yet ignorant of the mode of connec- 
tion between the phenomenon of the aurora and terrestrial 
inHuences. It appears, however, probable, tliat climate de- 
pends more on operations going on in the atmosphere than 
on the actual heat of the crust ; and that if these were ab- 
sent, and the heat of the crust and the sun's rays were left to 
exercise their influence alone, our climate would be much 
warmer than it is. Hence I should not think it fair to infer, 
that because climate is deteriorated, the crust of the earth is 
not returning to its normal state, and becoming warmer. 
That change does take place in atmospheric conditions, ap- 
pears to be unquestioned ; but, as yet, no observations have 
been made, such as to ascertain the causes of such changes. 
Electricity has much to do, no doubt ; but still, however nume- 
rous and remarkable the discoveries of its modes of operating 
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■ Wlien ire consider the phenoraenon of eartbquakeB, it soonig likely 
that iome process is going on, such as a partial tearing of the ElraU, nail 
the filling up of rents : and should another cataclyem take place, auch as 
egajn to bieuk up the crtist, it ia probable that a freeh iystcm of veliu and 
~ ' vfiU i>e expoied to vien-. 
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6 Sir G. S. Mackenzie on the inost recent 

have been, we are yet ignorant, and probably will long con- 
tinue ignorant of those terrestrial conditions which appear to 
influence electrical eifects, in alternately warming and refri- 
gerating the atmosphere. I make these remarks for the pur- 
pose of shewing it to be possible, that the temperate zone 
may have been warmer before the most recent cataclysm, 
■which may have effected so great a change in the electro- 
magnetic condition of the earth as to create alterations in 
atmospheric conditions sufficient to counteract, to a consider- 
able extent, the influence of internal heat and of the sun. 

2. It is evident that, before the disruption of the crust 
took place, there had been a va£t exertion of expansive force. 
This increase of force had probably been caused by additions 
to the amount of vaporable matter collected and confined be- 
twixt the crust and the greatly heated interior. When we 
regard the enormous masses of matter that have been thrown 
up from under the crust of the earth, as indicated by the vast 
amount of granite and other protruded matter which we 
find among the strata ; and when wc contemplate, not only 
the amount of trap in veins, but the very great extent of trap- 
beds heaped on one another,, and forming lofty mountains, as 
seen in almost every quarter of the globe, and which are now 
generally admitted to have been sub-marine lavas, we cannot 
refuse assent to the proposition, that when all these masses 
were tlu'own up, immense cavities were left between the solid 
crust and the igneous matter below. Such cavities would not 
be vacuous, but filled with vaporable matter, probably red hot 
water, and exerting an enormous expansive force. That this 
was the condition of things appears the more probable, as 
nothing has been noticed, at least so far as 1 know, shewing 
that when the crust of the earth was broken up any stony 
matter bad been erupted among and over the strata. Had 
there been no elastic matter interposed between the crust and 
the liquid matter below, we might have been at a loss for ex- 
pansive force. Had there been any other power pressing the 
liquid matter upwards against the crust, that matter would 
have been forced up like lava, and have filled hollows, where 
we should have found it. I therefore assume, as the ground- 
work of jny bypotbesis, that there existed, between the crust 
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A the hot fluid below, a. vast amount of elaistic matter greatly 
compressed, and in a higUy heated state. j 

3. Now, let us sup[)ose the expansive force to Iihto at 1 
length overcome the resistance of the solid crust, to have 
broken it up, and to have elevated the Alps, as we see them, 
to heights beyond the line of perpetual congelation. A vast 
amount of compressed elastic matter, escaping by suddon ex- 
pansion at the moment of the rupture, especially if this took 
place in the winter season, would be followed by two special 
effects. The first, from the immense abstraction of heat by 
the escape of the vaporable matter would be a great refrige- 
ration of the broken masses. Their exposure to atmospheric 
influence would also operate in reducing the temperature. ^^ 
The second effect would be, that the expansive force woohl ^H 
greatly accelerate the progress of the vapour (which we may ^H 
safely assume to have been almost exclusively that of water) 
into the higher regions of the atmosphere, where it would be 
frozen, and in this state fall back upon the surface and con- 
tribute still more to its refrigeration. That ^vhich fell above 
tlie line of perpetual snow would continue lung unaffected by 
subsequent increase of temperature in the crust. That which 
fell below it would soon become a mass of considerable thick* 
ness and solidity, but which, in process of time, as the crust 
of the earth regained its heat from below, would gradually 
melt and disappear, leaving behind it tliose phenomena which 
have given rise to so much discussion in om' time. Besides 
the large supply of vapour from the cavities in which it had 
been pent up, it does not require any stretch of imagination 
to suppose, that disruption of the crust would admit much 
^^ratcr into contact with the hot matter below it, and tliat thus ^A 
^^bivery large additional quantity of vapour would be formed, ^H 
^^Kd ascend to the upper regions, operating also as a refri- ^H 
^^erator.* ^H 

* At the time when this paper was read, 1 was not aware thnt Charpen- ^H 
tier, ia his " Ebbiu but Ips Oladera," Su;. printed at Lansonne in 1841, had 
propoEcd this access of water to the licit portion of tlio crust, at tlie moment 
of its mpturo, to uccount for the origin of glaeios. I have used it only as 
a palwidtary meiuu. ^^^ 
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If we suppose the cataclysm to have taken place in the 
winter season, we can imagine the whole of the vapour falling 
back on the surface in a frozen state. If, in the summer aea- 
son, that portion which might fall below the line of perpetual 
snow would be melted into rain, and then produce a formid- 
able debacle. Indeed we can scarcely doubt that floods were 
produced to a great extent ; but whether existing phenomena 
indicate floods from this particular cause remains to be ascer- 
tained. Without farther noticing this matter, we can imagine 
that, whatever took place beneath, there would be very large 
accumulations of snow above the line of congelation, sucli 
as might have given the now peaked Alps the appearance of 
a continuous ridge. So that, supposing the cataclysm to have 
taken place at the most unfavourable season, and that rain 
and floods were part of the results of the disruption of the 
crust, still it would appear probable that such an accumulation 
would take place in the upper and frozen regions as would be 
sufficient for its subsequent descent, by its own weight and 
other causes, to a lower level, and for its extending so as en- 
tirely to fill up the valleys in the vicinity. The refrigeration 
of the crust would also render tlie subsequent winter snows 
more permanent* We are familiar with the great amount 
of snow which sometimes falls in ordinary seasons, and fre- 
quently enveloping living animals ; and we know the solidity 
which such masses acquire. We may, therefore, without dif- 
ficulty, conceive the effects of an extraordinary supply to have 
been such accumulations as may have given origin, not only 
to glaciers on high mountains, but to a covering of ice to 
the whole surface over which the cataclysm extended. The 
broken crust, as soon as the cataclysm and its immediate ef- 
fects were over, would begin to recover its temperature by 
slow degrees. The records made at the present day of the 
indications of the thermometer at various depths in different 
localities, if continued, will enable geologists to ascertain 
hereafter whether there he any increase now going on in the 
temperature of the crust. Its elevation into its present shape 



-* IJiig baa also been suggealed by Charpentier, as well as the prabatqlity 
oZ-a Bucceeeioa of cold Geaboni coutiiltutiDg io Ike amawmcW.Ql' 
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will, however, render it impossible thatflie climate of the tem- 
perate asone should become what it was formerly. At any 
rate, the exposure of so greatly extended a surface to the 
agency of the atmosphere will very much retard the restiura- 
tion, and radiation must also have increased with the extent 
of surface. Hence it is probable that we cannot look for any 
great improvement of cUmate, unless atmospheric influence 
shall, by some great change, be reduced. 

If I have not erred in the assumptions I have made, we 
have thus a catastrophe sufficiently sudden to have enveloped 
living creatures in a material which would preserve their 
bodies for ages if floated to the Arctic Regions ; or leave their 
remains in a region colder now than it was when they lived. 
Thus may the valley of the Rhone have been filled with ice, 
and boulders transported from the Alps to the Jura, and 
centres of dispersion have been formed. We may find also the 
origin of the older diluvium, while preparation was made for 
subsequent floods that have left various and, in some in- 
stances, apparently anomalous traces behind them. Agassiz 
may also be furnished with means to support his original in- 
ference, with this only variation, that he supposed the ice to 
have been formed before the mountains were raised, while I 
have supposed them first raised and then covered with ice. 

The Society will now have perceived that I have modified 
my opinions respecting the glacier theory considerably. But 
if I had not found what I regard at present as a somewhat 
plausible hypothesis respecting the means by which an icy co- 
vering would be produced geologically, I should still have been 
in greater doubt than I am in now. While, however, I admit 
more fully the operations of ice, I do not give up the notion 
that the phenomena of the surface require for their explana- 
tion the joint action of fluid and of solid water. 
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On the Cau»e of the Diminution of the fall of Bain an the 
heiffht above the ground increases. By James Dalmahot, 
Esq. Commiui Seated by the Author. 

The fact that a rain-gauge, placed in an elevated and de- 
tached situation, receives less rain than an exactly similar 
gauge near the ground, seems to have been first observed 
about seventy-five years ago by Dr Heberdon ; and has since 
been abundantly confirmed, especially by the observations of 
Dr Dalton, by a long continued series at the Paris Observa- 
tory, and by those of Professor PhiUips at York. 

The most generally received explanation of this curious 
fact is that which was originally proposed by Dr Franklin, 
and subsequently, but independently, by Professor Phillips. 

This hypothesis is attended with several difficulties, one of 
which was suggested by Dr Franklin himself.* But perhaps 
the greatest objection to it is founded upon a fact well esta- 
blished by the observations at York, and exhibited in the 
following small table : — t 



Increment wliicb the raiu received while j 1832-33 
falling between the upper and middle |- 1B33-34 
rain-gauge,tliroughaheightofl69feet,l 1834-35 



Total, 

Inetement which the rain received whilej 183''-33 

faJlbg between llie midille rjin-gauge, C. ^qjj^ „. 

and the gauge on the ground, through I in34.35 
a height of 4i feet. ' 

Totab 



3.003 
3.8<H 
5.Bfi4 

13.261 



It appears &om this table that the increase which the raiu 
received during the last 44 feet of its descent, was almost 
exactly equal to that which it received during the preceding 
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^V 269 feet, a resiiJt with which it seems imposuble to reconcil^| 
1^ the condensation hypothesis, except by euppoaing the hvgro- 
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metric condition of the atmosphere to vary with the height 
above the ground, in some abrupt and unaccountable manner 
not hitherto observed. 

But though these difficulties attend the hypothesis of I 
Franklin and Professor Phillips, it is to bo remarked t 
they have no reference to the nature of the cause which it 
assigns, but simply to the degree of its efficacy. For, while it 
scarcely admits of a doubt that there is a condensation of 
vapour on the cold surface of each rain drop, and that thereby 
the rain is augmented in its progress downwards ; on the other 
band, the observed ra/e of augmentation is such, that it cannot 
be accounted for, without supposing the co-operation of vamM 
other cause. ^M 

The object of the few following remarks is to suggest, as ■' 
eupplemeut to the foregoing hypothesis, an additional cause 
of the increase of the rain as it approaches the ground. This 
lupplementary hypothesis is as follows. 

From the inequality of the marks which the first drops of a 
shower of raiu make upon any smooth surface, it is inferred 
that the drops themselves are of unequal size. But independ- 
ently of direct proof, it seems very unlikely that, in the original 
formation of rain, each drop should be exactly of the same 
size ; and, allowing the possibility of such an equality, it is 
still more unlikely that it should continue for an instant, since 
the slightest disturbance of their descending motion would 
cause many of the drops to coalesce. 

It is assumed, therefore, that even at the elevation where 
ihe rain is formed, the drops in the same horizontal stratum 
are not of the same size. If there were no air, each drop in 
gnch a stratum woiild reach the ground at the same moment ; 
but since in reality the spherules of rain are resisted by the 
air, it follows, from well-known mechanical principles, that 
the larger drops will outstrip, in their descent, the smaller 
ones in the same stratum, and will overtake those in the next 
lower stratum. But in penetrating this stratum, they will 
jiecessaiily carry before them and coalesce with the droph 
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which opposed their passage, snd so will continue to pierce 
the successive strata, and to augment ia size as they ap- 
proach the ground. 

It evidently follows from these considerations, that the lower 
any stratum is, the larger will be the average size of the drops 
composing it, and the greater will be the augmentation of the 
drops by which it ia penetrated. 

This hypothesis seems to explain not only why the whole 
fall of rain, but also why the inci'ement received in falling 
through a given height, is greater the nearer the place of ob- 
servation is to tho ground. It also explains why the differ- 
ence between the indications of the upper and lower rain- 
gauges is greater in wmter than in summer. For as the total 
increment at any elevation will evidently be as some function 
of the space through which the rain has fallen, that is, of the 
height of the cloud, where it was formed, above the gauge ; 
and as the ratio of the spaces through which the rain descends 
to two gauges having a constant difference of elevation will 
necessarily be more unet^ual when the clouds are low than 
when they are high, it follows that the difference between the 
quantities of rain received by these gauges will be greater in 
the former than in the latter case ; but Dr Dalton's table* of 
Mr Crosthwaite's observations, shews that the clouds are 
lower in winter than in summer; hence the hypothesis is ia 
accordance with experience in this respect also. 
EulKBUBOH, lOM April lUt, 



J Observa/ions on the De/ectt of Sain-Gaugts, with deecript& 
of one of an improved form. By Thomas Stevenson, Civ 
Engineer. Communicated by the Roval Scottish Socie* 
of Arts, t 

AiTHoiiOH the subject of the fall of rain in any district ^ 



* Dahoa's Meteorological Essays, p. 41. 

t Bead before the Koyal ScottifiU Society of Alts on UH, Marth 18*2. 




^H Mr Stevenson on the Defects of Bain-Oaugen. 

^■^eountry is no doubt chiefly important with reference to 
' interesting but uncertain science of meteorology, yet it o 
forms an indispensable element in practical questions of 
quent occurrence. Thus it is interesting and important 
relation to agriculture; while its intimate connection with 
some questions of drainage and waterworks is well known to 
every one who is conversant with these departments of civil 
engineering. 

Having been incidentally led some time ago to inquire u 
the inconsistent results of rain-gauge experiments, I 
the conclusion, that the great sources of error were tbe small- 
ness of the recipient surface, the rim, and tbe position of the 
fimnel, which offering resistance to the wind, produce dis- 
turbing eddies, and cause also resilience and dispersion of tlte 
rain-drops. 

In order the better to contrast rain-gauges of the size n( 
generally used witli instruments presenting greater surfact 
shall enumerate tbe different sources of error, pointing out 
I go along the diminution of error whicli would in some cases 
result firom an enlargement of the area, and adding such ge- 
neral remarks as may occur. I shall thereafter describe a 
form of instrument which seems to me to possess several 
vantages over those now in use. 

It may in the first place, however, he proper to observ^ 

tthat although there is some diversity of opinion among the 
best authorities regarding tbe proper size for gauges, yet 
these instruments are almost invariably made of from 6 to 12 
inches diameter. 1 am not prepared to recommend any par- 
ticular size to the notice of the Society, more especially as 
convenience must in many cases be consulted; but it seems 
probable, that the larger they are made the better, and for 
ordinary use tliey coxild be conveniently enough constructed 
of from 2 to 4 feet diameter, and of the form hereafter 
\ wribed. 

I. The first error which may be noticed, is that resultii 
from an inaccurate discharge of tbe rain, bail, &c., actually 
in motion, arising from the contour of the adjacent ground 
1 the altitude and exposed position of the gauge itself. 
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All recent experiments have shewn that the results given 
by a rain gauge are intimately connected with its height 
above the surface of the ground, and have fully confirmed the 
somewhat unlocked for fact, that on the same place rain- 
gauges placed at different elevations above the gi'ound indi- 
cate very different falls of rain.* The higher the instrument 
is placed above the ground, tlie less rain it collects. It is 
needless to enter on a consideration of this subject; but I 
may obserA'e that Professor Stevelly's theory of an increase in 
the velocity of the wind as we ascend, appears to furnish the 
most satisfactory explanation of the phenomenon, tlie more 
so as from experiments which I have made, it seems to follow 
that the wind is the great origin of error ; thai the stronger it 
is, the less rain is collected; and that in calm weather, the ele- 
valion, as well as form of itistriiment, are of little consequence. 
fiat in whatever way this question may be settled, there is at 
least every inducement for placing the gauge on the surface 
of the ground. 

Many opinions have been given as to the best locality for a 
gauge, and I suppose it is now generally admitted that an open 
plain is that which is most suitable. But as many who are most 
anxious to undertake these meteorological experiments have 
no champaign country to resort to, but are obliged to have re- 
course to small garden plots, encumbered with trees and shrubs, 
assistance in determining the most suitable position for the 
gauge may in such cases be derived from observing the fall of 
snow. This observation should not, however, be made when 
the wind is strong enough to disturb the snow after being de- 
posited. The spot to be adopted for the gauge is of course 
that on which there is generally, with the prevalent winds, the 
same depth as has fallen in the neighbourhood. Observa- 
tions on the depths of snow at irregularities in the ground, in 
valleys, and on the sides and tops of mountains, seem likely to 
give us more accurate notions regarding the atmospheric cur- 
rents, on a knowledge of which so much depends. If, after 
falls of snow unaccompanied with wind sti'ong enough to cause 

* See Professor Phillips' Beporta and Professor Forties' contributions la 
MeteOTOlogf. 
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Mr Stevenson oti the DefeeU of Rain-Gavgei. 
; a gauge lias been found to have acted as r centre of at- 

, or the reverse, it may safely be concluded that there 
t be BOmethiog ivrung either in its position or constmo- 

II. Having now considered the effects of different situations 
for gauges, the next error which may be noticed ia only a pro- 
bable one, and is supposed to ai-iso, if it docB exist at all, from 
the suspended water being collected into separate drops of rain 
instead of being uniformly spread oyer the surfiice, in conse- 
quence of which it is possible that drops may fall without tha 
rim, instead of being split by it, and the receiver be thereby: 
robbed of that fraction of any one of these drops which becj 

igs to the area of the gauge. On the whole, however, thi 
or may be considered a compensative one, and therefor^, 
itirely unimportant, at least in gauges of 2 or 3 feet in dii 
leter. 

III. The next error is peculiar to gauges placed on a leri 
with the ground, and is occasioned by the current in passing, 
from its regular surface (where it meets with an uniform re* 
sistance) to the hole occasioned by the mouth of the gauge<i 
This arror is considered by some to be the great obj' 
large areas. It is nut indeed easy to estimate what may be 
the effect of enlarging the area in this instance, but there 
seems to be no reason why it shoidd be greater propordonaUjf 
with the large than with the small area. Perhaps the best 
■way would be to submit this point to the snoK-tesf, as a means 
of ascertaining whether a proportionally greater quantity enters 

large than a small area. 

IV. Evaporation of the rain, arising sometimes from 
few drops having rested upon the rim or funnel of the gaug% 
and being there dissipated, ia an error common to all gauges- 
It is by no means a very serious one, but it may certainly be 
augmented by increasing the size of the gauge, with the con- 
sequent diminished slope of funnel which would be necessary 
in order to reduce the cost of woikmanship and general un- 
wieldiness of the instrument. But it might perhaps be lea- 
isened by coating the funnel with coach varnish or with the 

Beed of tho Lycopodium or club-fern, so well known for its 
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Mr Stevenson on (he Defects of Bain-Gaiigea. 
gular property of repelling water, in that respect resembling 
the bloom of fresh cabbage leaves, on which the drops of rain 
or dew being prevented from spreading, are always found to 
preserve their spherical form. 

V. The next error, Uke one formerly noticed, is peculiar to 
gauges placed on a level with the ground, and is caused by the 
resilience or dispersion from the surrounding ground of the 
rain and hail, which ai"e thus made to fall into the receiver. 
Should there be grass growing close to the edge of the gauge, 
as is generally the case, there is the farther risk of drops lodg- 
ing among the blades of grass, and being afterwards blown 
into it 

Now a very few drops being blown into a small gauge would 
more materially affect the result than if the same number were 
blown into a larger gauge. By enlarging the orifice this error 
would increase simply as the diameter, while the quantity of 
rain that should he collected would be increased as the square 
of the diameter, and thus the great advantage of large over 
small areas is in this instance rendered evident. 

VI. Resilience and dispersion, or the rebounding of the 
drops of rain, hail, &c. off or out of the gauge, arising from 
their impact against the rim or oblique sides of the funnel, 
is a serious evil in all forms of the instrument, and the loss 
occasioned in this way is, I suspect, greater than is generally 
believed. By enlarging the orifice the error would be dUni- 
nbhed in the same high proportion as the last. 

VJI. The eddy occasioned by the rim catching the wind 
produces an error somewhat like the last in its extent, and it 
may be diminished in the same proportion by simply increas- 
ing the area. Sir John Leslie, in his article on Meteor- 
ology, in the Encyclopaedia Britannica, has stated that there 
would be an advantage in having large areas, and describes 
the rim-eddy m the following words : — " We may suspect 
that the measure of the rain, hail, or snowy flakes receiv- 
ed by the ombrometer is not exactly proportioned to the 
extent of surface which it presents ; for while torrents pour 
down from the heavens, an eddy plays about the rim of the 
basin, deranging the regularity of the discharge." 
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^B, This rim-eddy has been generally, and with justice, con- : 

^^sidered as amo^ formidable source of inaccuracy. 

^'III. The last errors which may be noticed are due to the I 
imperfections of form in the mouth of the gauge, errors in the I 
graduation of the scale, or in other parts of the instrumenti I 
all of which will clearly be dtmiuished by an increase in the I 



B Fromtlie above considerations it appears that, by increasing! 

^le area, the tendency to evaporation, by no means a very * 
serious evil, is augmented, aiid perhapn also the error caused 
by the passage of the wind from the unlfomt surfaR of the 
ground to the apenure of tiie gauge. On the other tiand, by 
increasing the area, there is a diminution in the ratio of the J 
squares of the diameters, of the errors arising from the re- 
bounding and dispersing from the ground into tlie gauge, fromi 
the rebounding and dispersing from the rim and funnel odfT 
o/the gauge, from the eddy caused by the rim and funnel;! 
and finally, although not in the same high proportion, front 
imperfection in form of the receiving mouth or other parts o 
the instrument. 

It is proper to mention, that in some experiments it hasi 
been found that the larger gauge gave a less quantity of raiotl 
than the smaller ; from which circumstance many suppose that4 
the small gauge is more correct than the large ; but I think it 
only appears that in such cases the errors connected with the 
small gauge arc In escess. It would not be proper at once 
to conclude of two gauges, that the one which gives the greater 
quantity of rain is the more correct, for it is quite possible 
that while one gives the correct, another may give too high a 
result ; and as we do not possess the means of ascertaining 
which of the two iristruments Is the correct one, we must, in 
all cases, give the preference to the one whose /or/« and con- 
slfuction neern best fitted for the object to be attained. 

Having endeavoured to shew the superiority of large gauges 
over small, I shall now describe the form of instrument which , 
appears to me to be best suited for the purpose. What I con- < 
ceive to be its peculiarity is the smallnag or rather the wantM 

^llfa rim, and the advantageous position of the funnel. 
.. XlSill. so. LSV. — JVLY 1S42. % 
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The mouth of theinstniment which is recommeniled, ia in- 
tended, as shewn in the diagram, fig. 1 (representing a gauge 
of the common size), to be sunk to a level with the ground (A/ 
g {), which is generally considered the best position by those 
who have experimented on the subject. On the top of the fun- 
nel (fl b c), which has a larger mouth than that of the receiving 
area {d e), there is placed a zone (a d e c) projecting inwards 
about six or nine inches, thus reducing the area of the receiving 
surface to the required dimensions. There is therefore exposed 
to the wind a very small rim (at d and e), while the shelving 
sides of Jhe funnel come only as high as the bottom of the zone, 
and areTherefore so far below the aperture of the gauge as to 
render it quite impossible for even hail to recoil In such away 
as to escape out of it. To prevent rain from without being 
blown up the inclining side (as ai a d or c e) of the zone, so 
as to pass over the edge into the gauge, as well as to fill 
up the space between the edge and the surrounding grass, 
a circular brush J^ <i e g, about 3 inches wide, is placed so 
as to present its bristles to the impinging rain, which sinks 
among them instead of recoiling and being scattered about. 
The wind, in passing from the grass to the receiving-hole, 
will, of course, meet with no inequality, as the top of the 
bristles is on a level at once with the surrounding grass {hfg i) 
and the edge of the zone. 

Fia. 1. 




Fig. 2 shews the adaptation of this plan to a larger scale, 

in which ease the brash b supplanted by bristles loosely or- 

ranjfed on the horizontal copper plate, and fixed either with 

t}/i-es or ivsin. A thinly cut sod or turf might probably an- 

vry purpose quite as well a& the W»t.\e%. \^Sa «a,\\%- 
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able also that there should be a small rim ^th or vth inch 
high fixed to the horizontal plate. 

Fio. 2. 







The following very serious sources of error may be said to 
be nearly annihilated by the instrument above described, viz. 
the well known eddy resulting from the obstruction offered by 
the rim and funnel sides, resilience and dispersion of the rain 
and hail drops from the rim and funnel sides of the gauge, 
and similar resilience from the ground into the gauge.* 

Edinburgh^ January 5. 1842. 

Since the above was written, answers have been received 
from several of the light-keepers of the Northern Light-houses 
to queries sent them relative to the effects of high wind on 
gauges. Besides their other duties the keepers daily register 
the results of the rain*gauge, one of which was placed at each 
station by order of the Commissioners of the Northern Light- 
houses many years since, who justly considered that in this 
way they would be enabled, in the event of a shipwreck tak- 
ing place, to ascertain more exactly the state of the weather, 
and at the same time render a valuable acquisition to science. 

The answers alluded to are of considerable interest and 
value, consisting of the observations of forty intelligent men, 
on the effects of wind in connection with rain, but I shall 
only give a few of the results obtained. 

The observations were confined to one month, and were 
made by forty-four keepers ; but owing to the late gales, re- 
turns have been received from only forty of them, of whom 
four considered that the accuracy of the gauge was not af- 
fected by the wind, while thirit/six considered that it was. 

* I regret that I have not as yet been able practicaUy to compare the re- 
sults of this form of instrument with those commonly in use ; but in a hail* 
shower to which the gauge was exposed, the 8\iXT0\mi^^ \)icv«!CL<^^ v^^'VS.^ 
emciently to answer the purpose for which they ^eie d^f^vgae^ 
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Six did DOt obsene rain rebound out of the gauge, white 
twelve did ; six did not observe hall rebound, while twenty did. 

The following short extracts from some of these returns go 
far to shew the great tendency to error produced by the rim 
and funnel. The receivers of the instruments are elevated 
4i feet above the ground. 

Liyht-kome, Ineltkeilh. — " When the wind (says the Light- 
Keeper's Return) is high, no snow, and very little rain, goes 
into it.'' 

Buchanneat. — " When there is little or no wind, it is pretty 
near the truth — the more wind the farther from the truth." 

Kinnairdhead. — " On the 21st (December 1841) it blew a 
gale, with snow and sleet, when very little, if any, went into 
it, and ivhat went into it was soon blown out again, and there 
was no water in it next morning except a few drops." 

Tarl/elnes". — " On the 2Ist there was snow, with strong 
hreezes, and none rested in the gaiige ; it all went right over." 

Dunnet Head. — " A part blows over that should fall in. 
On the 21st, in a gale with snow and hail, although we were 
three times at the gauge that day we did not see any snow or 
hail fall into the funnel ; it blew wholly over." 

Pentland Skerries. — " It was a gale while it lasted, and the 
hail bounded against the/utinel nearly 3 inches, and was carried 
away wttii the wind, so that little remained of this shower." 

Start Point. — " There i.<! agreat deal of hail, and some rain, 
tparkg out" 

Cape Wrath. — (In a hail-shower) " Our observation was, 
that there was not one particle stopped in the gauge." 

Ittand Glass.—" We have frequently seen hail rebound out 
when it strikes near the top or mouth uf the filler." * « • 

" It docs not give a correct result in gales of wind. For 
example, on the 13th instant, we had the strongest wind with 
rain of any thb montli. I on that forenoon watched the gauge 
from 11 till 12, until perfectly drenched, and in that time there 
were but two parts in the gauge. The wind moderated at 
12, but the rain continued the same, and at 2 r. m. there were 
eleven parts in it." 

Lismare. — " When it rains, with strong winds, there is not 
a fair proportion enters, and a great deal more hail rebounds 
mit th"" -ne.^ in. fii proof of our remavks v\\exe Vvie\>««i. 
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in some days of this month, heavy showers, with strong breezes, 
at which times we could distinctly see the greater part carried 
past.*" 

Fhins of lalay. — «* During^ squalls with rain, there is only a 
part of the mouth that receives the rain, a portion being quite 
dry^^* In hail-showers a good deal rebounds and is blown 
away. 

Mvll ofKintyre. — '* In gales some of the rain rebounds, or 
is clean blown away." 

CorsewcUL — ** While rain and hail fell during heavy winds, 
we observed both rain and hail rebound out again.** 

MtM of Galloway. ^^^^ The rain has been seen to fly out 
after falling into the receiver, and there is always a great deal 
more in it when moderate than when windy." 

Taint of Ayre. — " We have always thought that we got 
more with little than with strong winds/' 

Calf of Man, — " We observed during squally showers, and 
are of opinion that a great part is blown past the top of the 
gauge." 

Microscopical Fesearches on the Conformity of Structure and 
Growth in Animals and Plants. By M. ScHWANN.-f* 

M. Schwann's discoveries must be ranked among the most important 
accessions that have been made to physiology.]! They enable us to esta- 
blish a theory of organisation and its development, an object inrhich has 
not previously been attained. 

Valuable observations and discoveries in every branch of physiology have 
not been wanting, and some of these branches have reached a high degree 
of perfection. But in relation to the primary foundations on which the 
science must be reared, some of them have been imperfectly ascertained, 
and others cannot be said yet to exist ; hence there is a complete want 
of connection among the insulated observations that have been made. 

These bases or foundations do, however, exist ; and M. Schwann in 
his work has now deduced from M. Schleiden's observations and his 
own, with as much perspicuity as penetration, the most general conse- 

* Part of the inside of the gauge being dry, is, however, no proof of inaocu- 
racy. — T. S. 

t An extract published by Prof. Miiller in the Archiv fur PhysioUigit. 

X The work of Dr Schwann is entitled " Mi^rotJkopiseke Untertuchungen ilher 
die uebereimtimmuftff in der Strulctur und dem Wachtthvim dtr ThUre und Pfianzw.*^ 
BefUa, l^S^. 
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quences nfalch must go to form a theory of tlic orgaDiaation and growth 
of organised beings. Wc shall here prcacnt iCa principal features. 

The raost recent discoTeries in the physiology of plants liavc demon- 
struted tliat tlie formation of the cellukr tissue, the fibres, vessels, and 
spiral vessclG, is reducible to that of cells. The origin of cells hna been 
illustrated by an important discovery of M, Schleiden's) M filler's jireftic, 
1B38, p. 137). His starting point is what B. Brown calls tho nucleus of 
the cell, which M. Sclileiden names, for tliis reason, ci/toblast. Its colour 
is most commonly yellow, its intcrnnl structure granular. Sclileiden has 
even discovered in the interior of the cytoblast a corpusele, the corpuscle 
of the nucleua, which appears sometimes in the form of a spot, some- 
timesunder that of n hollow globule. These cytoblasts are formed freely 
in the interior of the cells among a mass of minute muooua globules ; as 
soon as they Imve attained their full gtowtli, a very small transparent 
vesicle rises on their surface, which is raised above the cytoblast like a 
wateli-glass above the dial-plate. 

In proportion as this cell enlarges, the cytoblast appears like a body 
enclosed in one of the walls of the young cell ; its wall, on tho inner side, 
b extremely thin, and, as it were, gelatinous ; it can seldom bo observed, 
and is soon absorbed with tho cytoblast. The }^ung cells ars free lu the 
mother cell, and assume a polyhedral form by pressing closely against 
each other. Now this is in what M. Schwann's discoveries essentially 
consist, regarding the cells of animals, and the primitive conformity of 
structure between animals and plants. 

Tn tlie Chorda dorsatis, of whicli I have long since demonstrated (says 
M. J. MCillet) the cclltJar structure, M. Schwann has found the nuclei 
of the cells; each cell of the Chorda darsalis, of the Felobatet /uacu«t has 
its lenticular cytoblast, applied against the interior wall of the cell ; and 
vve perceive in this small lenticular body one well defined spot, rarely 
two or three. In the interior of the cells of the Chorda dorsatis, young 
free cells are formed, as among plants. 

The primitive structure of tho cartilages is, according to H. Schwann, 
entirely cellular. At the extremity of tho cartilages of the branchiostegial 
rays of fishes, we perceive small polyhedral cells, closely pressed upon 
each other, and whose walls are extremely thin. These cells have a round 
granular nucleus. Towards tho centre of the ray, we notice the parti- 
tions of the cells thicken more and more. Looking still further towards 
the base of tlio ray, we cease to perceive the separation of the cells, and 
there remains only the appearance of a homogeneous substance, in which 
nothing is seen but small insukted cavities ; around each cell, however, 
there is a rbg indicating a trace of the true cellular wall ; whence it 
follows that all the intermediate substance of the cellular cavities cannot 
be formed by the walls of the cells, but that the intercellular substance 
here essentially contributes to the formation of cnrtilage. This intercel- 
lular Bubalanco may be perceived even when the walls of the cells are 
bUJI touebiag each other ; they appear under the form of a iriaogle, eituate 
I ■ tbKe cofltiguous cells, The fotmalion oj Ae (zattWAf,* \icw it- 
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pends, in part, upon the thickeniag of the walla of tlie cclUi ai 
on the inteccellular substance. In the cartilages of the higliei 
the tliickeniog of the wnlls of the cells liaa not been observed. Tlie prin- 
eipul mSBH of the future cartilage appears to belong to llie intercellular 
matter, which eomprehends nianj gcDurations of cartilaginous cells. 

'V\'e may observe, in the branchial cartilages of the Udpole of Peloliolet 
fuKiii, a mode of developing the cells anulogout to that of plnnta. Hobm 
of these cells contain simple nuclei, others conlain smaller celU ptovidsd, 
in hke manner, witha nucleus at their internal vrall, nndbut littls exceed- 
ing in thickness that of cliis nucleus ; others, again, containing atill laigei 
cells tlian the latter ; so that we may hero find all the degrees of transition. 

The mode of the formation of cartilage takes place, it would up^ 
pear, without the participation of thu tetscb, in a manner aoalof^us to 
the growth of plants. 

With regard to the radiated corpuscles (corjntievla mdiuta) of tho 
bones, which become apparent after ossiSeation, the mode in which tbeit 
canals are produced is not yet very clearly aacertaineJ. According u 
we regard the cartilaginous corpuscles as cavities of the colls, whoM 
walls, by becoming thickened and confounded with the cell Lilaisubslanow, 
would constitute the cartilage ; or, according aa we conisder thaia oor» 
puscies BB entire celU ; while the intermediate subBtance of the cavities 
of the cells would be nothing eke tiuui the intercellular ^ubatance ; Uieae 
rays would be, according to Schwann, cither small caoala penetrating tlM 
cellular cavities in the thickened walls of the cells, or prolongations of Ih* 
cells in the intercellular substance. In tlic first case, these minute cnnals 
might be compared with the porous canals in tho cells of plants ; in tha 
seoDnd case, they would answer to the prolongations of these latter. M. 
Schwann regards this last opinion as most likely to be the correct one. 

Besides the formation of young cells in the interior of those already 
Qiisting, Schwann furtherdistinguishes, in animals, the production of new 
cells outside of these, in a substance without structure, namely, the eylO' 
bbutima. It is usually the nucleus that appears to be developed firsti 
and then the cell around it. 

R In manyanimaltiasuesnew cells appear on the outside of the cells alreati 
formed. In one instance the cytoblaBtcma is interior, in another exterjmu^ 

Schwann's observations on the ovula, considered as a cell, have yielded 
the following results ; — 

The ovula, contained in the follicle of Groaf, is enclosed In a layer of 
granulea, which arc celb having a nucleus on their inner face, with c 
or two smaller nuclei (corpuscules du noyau). The cells originate in ttu J 
liquid of the follicle of Oroaf, as in a germinativc matter. It is easy t 
comprehend how these cells, possessed of independent life, become dev«»^ 
loped when they arrive, along with the ovula, in the uterus, in order to 
form other tissues — the chorion, for example. 

The ovula ever}'where possesses an external membrane without straC' 
whether it be the chorion or the viteUiue membrane ; the ovula> 
w itlv/nys s cell The vitelUne cell incloae* ^lio Viyi&a, w;^ 
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on its internal surface tbe germinating vesiclcj wiib the geminative spot. 
If the germinative vefiicle be a youDg cell, developed in the interior of the 
vitelline cell, it a probably the most esaential element of the embryo ; but 
if this vesicle b the nucleus of the vitelline cell, it loses its importimce ; 
and, judging from the analogy with the greater part of cellulnr nuclei, it 
should bo at a later period totally absorbed, or rather still continue to 
exist for some time in a rudimentary state, without constituting any thing 
essential. The solution of this question cnnnot yet be attempted. 

The vitelline globules of the egg of birds consist of cells of two sorts ; 
tho vitelline globules of the vitelline cavity, of the vitelline canal and of the 
nucleus, of the cicatricule (^H^nentrittj inclosing a still smaller globule. 
The other cells are larger and conLiin n granular matter j water makes 
them burst, and their contents are scattered on the outside. At first th« 
jaaug vitellus contains only the vitelline cavity with its cclk; the true 
vitelline substance does not yet exist. 

In the somewhat hirger ovuln^ of the ovary, a layerof a yellow substance 
exists around the cells, itself surrounded by a bed of cellular matter. 
The yellow matter of the vitellus is then formed between a membranous ex- 
ternal layer of cells and the internal cells. The lenticular germ is com- 
I posed of globules of unequal size having granular contents. Tlicgetmof 
I an egg which has been sat on four hours still contains these globules. In 
about eight hours the eitemol layer appears, formed of very pale cells, 
without a nucleus, among which are found globules of the gcrnunative 
membrane. 

In an egg of sixteen hours, the serous leaflet is formed of cells, some of 
which contain a nucleus, and one or two minute nuclei (nueleololes). 
They contain, besides, a liquid and very small grains, having a molcculai 
movement. Tliese cells, the nucleus of which was observed by Valenlin, 
soon assume the polyhedral form. The mnoons leaflet is composed of 
cells, with a transparent liquid and grains. These cells, the outlines of 
which nre usually of a deep colour like those of tbe cells of tbe vitelline 
cavity, lie loosely in the midst of an intercellular substance, which con- 
stifutes their cytoblastcma. The first rudiments of the embryo are com- 
posed in part of small cells without a nucleus, in part of pale cellular 
nuclei, inclosing nucleolules. 

M. Schwann divides the tissues of the animal organism, in respect to 
their originnl and cellular composition, into five classes. These are, \»t, 
independent and insulated cells, svrimming in liquids, or simply situ- 
ate near each other and moveable ; 2d, independent {aelbgliEndig) cells 
strongly adhering to each other so as to constitute a tissue ; 3d, tissues in 
which the walls, but not the cavities of the cells, run into one another ; 
ith, fibrous cells, elongated in one or more directions, in order to farm 
fesclcles of fibres ; 6lh, cells in which the walls and the cavities are con- 
founded with each other. 

To the FIRST CLASS belong the corpuscles of the blood, the vesicular oa- 
. tare ot which Schultc has demoDalrated, whose nucleus continues resting 
m^gv' ' wuUsj when theyare distended by waMt,u'U..%«V^Kn'a\iu& 
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remarked, sad Clie contents of which forta the red colouring matter. The < 
lymphatic eorpuaclee, of a mucoiu and purulent nature, Ukeviw belong; I 
to this class ; all of them tire cells irith a nucleus. 

The BBcoHD CL1S8 comprehendf the com«oiiB ti<£ae, Ihe pigment, and | 
the crjetalline tiGaue. The cells are independent, although their walla 1 
sometimes disappear. 

1. Epithelium. — This is most frequently composed of rounded cells I 
with a. nucleus situated on their inner surface, and with one 
nucleoiules. By their union they assume the poij hedral form. In the 
outei skin of the tadpole of the frog, Bchnann has seen two nuclei 
cell, and one cell of the epithelium, with ti nucleus in a la^e cell, which, 
according to Henle, does not late place among the mummifera. The 
cells of the epithelium may assume tno other forma derived Irom ihc pri- 
mitive globular form ; they are cither flattened, with the nucleus remain- 
ing in the centre of one of the surfaces, or else these flattened celLi be- 
come elongated, as Henle has observed in regard to the epithelium of the 
vessels ; young cells arise below the old, and diminish in height in propor- ' 
tion as they approach the surface (Henle), where the cells become elou' 
gated iu a cylindrical form, as has been noticed in the intestiual mucus, ' 

2. Cellf of the yigment. — These have on their wall a cellular nucleus 
which determines the white spot seen in their centre. The nucleus is 
Ulnally provided with one or two smaller nuclei (nucleoiules). Some 
pigment cells arc lengthened in diflercnt directions, in the form of hollow 
fibres, and compose stelliform cells. 

3. Najk. — The nail of a male ftetus when near its birth, is composed of 
Euperimposed layers, which are less obvious on the lower side of the nail ' 
in proportion as we go nearer ibo root ; the hinder half of this portion 
exhibits no layer, but consists of polyhedrni cells, having distinct nuclei. 
The lafflellEB of the nail, treated with acetic acid, divide into plates, in 
which we rarely distinguish a nucleus. The polyhedral cells of the root 
change by flattening into small plates. This flattening sbould render the 
nail thinner in front; but it is probable that alayer of epithelium is formed 
beneath ivliich equalizes the tliicluiess. The corneous tissue of claws is 
likewise composed, in the ft£tus, of cells analogous to those of plants. 

4. Feathers. — The medullary substance of feathers is composed of 
polyhedral cells, strengthened by a nucleus in the young feather. Wo 
first see a finelj' granular mass, in which are numerous small nuclei, somo 
of them with a nucleolule ; it is around these nuclei that the cells arc 
formed. The latter arc not developed in the mother cells, but in the 
neighbourhood of the organis^cd matter of the feather which fumidics tlio 
cytoblastema. Thefibres of the epidermis of the shaft origmate in the 
cells of the epithelium, which are large and flat, and have a nucleus as 
well as nucleoiules. These arc long and flattened strite ; from each 
cell spring numerous fibres, then all trace of a cell disappears. The 
barbs ate feathers in miniature, the shaft secondary to the structure of 
the principal shaft, the barbulea likewise composed of epitUelium cells in 

^jUta-posicioo, and possessing a nucleus. 
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5. Cryelailiae lent. — The fibreB of tlie crystalline lens spring from oelk, 
(i IE covered by Weineck (Bee the Arebives of Meyer Ahreos, 1838, 259). 
I» tbo crystalline lens of the common fowl, after eight days incubation, 
no fibtea Bre yet found, but only rounded, palo cells, some of which con- 
tain a nucleus. At a more ndvaoced period, a fi;w colls of larger dimen- 
sions enclose one or two Gmaller nuclei. In the embryo of a sow, about 
34" long, the greater part of the fibres of the lens are already formed ; a 
portion is still unfinisbcd, and a groat number of cells likewise exJEt await- 
ing their change. TLe completed iibres form a ball in the centre of the 
k'ntillc. The fibres closest to each other are hollow elongations of the 
globules. At a lat«rperiod, these fibres become garnished with dentated 
edges, es is seen in the dentated cells of plants. 

TuiRD Class. 1. Cartilage, (See page 22\ 

Teelh.< — The enamel of a tooth not yet developed, when treated by a, 
weak acid, piesorves the same structure. The inner surface of the ena~ 
uielling membrane which surrounds the crown of the tooth is formed of 
nhatt libresj with six faces, sitiuted vertically, so that each fibre of the 
cuameUing membrane eorrGgponds to a fibre of enamel : they appear to 
CC>nsiiit of elongated cells. In a recent state (!iey contain a nucleus with 
B. nuoleolulc; above tbem are situated louaded cells, adhering to the 
cnauiElling mcmbrainc, which is no doubt the young state of tlie former. 
The unamelling fibres, properly so called, are probably separated from 
(ho enamelling membrane, in order that they imty become soldered to the 
enamel already formed, and ossify along with It. 

Tlio proper substance of teeth originates from the fibres among which 
(Uo dentary canals occur. The pulp of a tooth is composed at the sur- 
face of cylindrical celb, with a nucleus and nueieolulcs, and of round 
cells in the interior. Schwann tblnka that tlie superficial fibres change 
into the substance of the tooth. 

FouHTK Clash. 1. Cellular tiiaue. — The origin of the cellular tissue is 
tlic cytoblostcma without structure. It produces in its interiat rounded 
cells with a nucleus, which change into fibrous fusiform cells, enclosing 
a round or oval corpuscle, lu which one or two dark points may be dis- 
tinguished. The nucleus tests against tho wall of the cell. These cells, 
by becoming narrow at the extremities, change into fibres. The points 
of the fusiform cells give rise to fibres wliich sometimes emit branches, 
.tnd terminate by becoming transformed into a, fascicle of extremely deli- 
cate fibres. The development takes place In the following manner : the 
division of the two principal fibres, which go off from the body of tho 
cell in a bundle of smaller fibres, approaches mote and more to that body ; 
so that, at a later period, the latter becomes the point where the fibrous 
fascicle takes its departure ; at a still later period, the fibrous fascicle 
springs directly from the nucleus ; lastly, the cellular body divides wholly 
inlo fibres, and the nucleus rests naked on a fascicle of these £ 
T/ii- probably hollow, 
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^^^P^ Cktty oellB of the cellular [is£u« of the fujtus linve llkuwi.' 
^^^ni^ distinct oeUular Duoleua. If the membrAme of the cell b« tliin, iIil- 
nuolaua riseti above (lie drop of fat which cnoloios this membtBiic, n cii- 
Duntitanoe which docs cot take phkoc when it is thick. Tiie nucleus con- 
tains one at two nucleolules. The fatty colls of the skull of j-oung Bed- 
eyes (C^n'niM erythrophtkalmut, L.) liSTe nometimes two nuclei dis- 
posed in the same manner rcliitiioly to tlio membrBne of the cell Thciw 
«tUl exists in the cellular tisauo of llie fratus a tlilrd species of cvHi ; Ibey 
are round and pale, containing a nucleus at their wnll, with one or two 
nucleolules, not prolonged into fibres, and enclosine' no futty tnitler, 
but tilled with small grains ; this g-nmular precipitate first shews itself in 
the vieiuity of the nucleus. The cellular tissue of the fmtus yieldi no 
geliitine \>y boiliny; the decoction contains a subilancc like pyino, with 
[his difference, that the muddy precipitate, produced by hydrochloric 
acid, in the case of the latter, disappears by an excess of that acid. 

3. TiiKue of lendoju. — The tendinous fibres derive their cells in the 
same manner as the fibres from the cellulnr (l^suc. 

3. EbulU Htgue, — The medial tunic of the arteries of the embryo* of 
swine, 0" long, contains many insulated cells, some of them round, others 
tcnninated by two or three prolongations, which are ag'uin divided. On 
lite inner side we perceive the ordinary nucleus of the cell, with one or 
two smaller nuclei ; we find, besides, au clastic tissue already formed. 
The ramified fibres of the elastic tissue, vrbicli arc hollow, according to 
Ptirkjiijc, appear to come from their cells. 

Flrra Class. — The following is tlie typo of formation in this class : 
Srst, there exist rounded or cylindrical cells, or else these are stelliform. 
Id the former case, the primitive cells are placed one after another, and 
soldered to each other at their point of contact. The partitions are then 
aJ>EOrbed, BO that the primitive cells are changed into secondary ones. 
The latter increase like simple cells. Such appears to bo the mode of 
Hormation of the muscles and nerves. 

In the second cose, the stelliform cells meet at their prolongations 
where tliey unite; the walls are absorbed, whence a net-work of canali 
results. 

1. Mii»ciei. — According to Valentin's observations, the primitive mus- 
cular bundles are formed of small grains, placed one behind another, and 
soldered together; the primitive fibres only come from the division of 
the fascicle into smaller fibres. Schwann has observed in the cylinders 
of the primitive fesciclea of a pig's fcctufi, about 3i" in length, a deeper 
border and an internal part, no doubt the cavity, in the clearest portion 
he could distinguish, besides some small granules, corpuscles of a larger 
size, oval and flattened ; these nuclei often enclosed one or two other 
smaller nuclei. They are placed at more or less regular distances from 
each other, in the thickness of the cylinder and against its wall. In mus- 
cles of greater ngc'i do (race of cavity could be seen, but. t,l\e uuclei stlUre- 
uiaJaed a long- while viaiblr, and arc silualoditid\c vVi'wVTiWsol^'efeie. 
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although tliey often project beyond it in the form of small ( 
(According to the ceceot obBervationsof Rosenthal, the nuclei of the mus- 
cles, even of an adult, are not vrhoUy efiaccd.) The muscular substance, 
properly Bo called, of the cylinder, ia produced by a secondary deposit 
in the interior of the cacel. (The structureless case of small primitive 
raufcular fascicles, which I observed long since in insects, appears to be, 
says MUUer, the remains of the secondary membraae of the cells.) 

(According to Valentin's last observations I^Arehiv of M'i'iltr 1840), 
there is to be seen in the blaatema of the muEcles, at first nuclei, with 
nuoleolules, which soon surrounded themselves with very delicate cells. 
Tlicac cells become elongated and arranged in lines like threads of a con- 
ferva. On the walls of the secondwy cellular membrane, which thicken 
mote and more, longitudinal fibres arc produced, and the walls of the 
cells are absorbed. The muscular fascicle then represents a tube, whoso 
walls, proportionally thick, are formed of longitudinal threads, as trans- 
parent as glass, and the interior of which encloses the nucid of the pri- 
mitive cells.) 

Each ncrvQUi jibre is a. secondary Ccl1> arising from the unioit of the 
primarj- cells provided with nuclei. Schwann believes that the while 
sdbstancc, which enters at a later period into the composition of the 
white nervous fibre which forma a continuous tube, the ribbon of Re- 
mack, is a secondary deposit of the internal surface of the cellulsT mem- 
braae. Tliis white substance is in fact surrounded by a particular mem- 
hrane without structure, like the primitLve muscular fascicles. This mem- 
brane appears like a narrow transparent border, which is easily distin- 
guished from the deeper contours of tlie white substance. This well- 
marked exterior definition of the boundaries prevents us, Siiys Schwann, 
from regarding the membrane in question as composed of a cellular tis- 
sue. Schwann has sometimes seen in the nerves where the white sub* 
stance is perfectly formed, a cellular nucleus disposed here and there in 
the edge of the exterior membrane. Id the grey jicrvousjibrea, the white 
substance is not developed. (According to Valentin, the cells of the 
eei-^tral tubstanee, in young embryos, besides the gmnults Ihey contain, 
and which will soon multiply, arc surrounded by an enveloping mass. 
The commencing cell forms the nucleus, its nucleus the nucleolule, and 
the enveloping mass the fundamental mass of the ganglionic globule. 
When the cells have formed the nervous fibres, there are deposited on 
the surface of the latter the nuclei of the cells, cellular fibres, and fibres 
of cellular tissue.) 

On the walls of the eapillary vesfelt of the larvce of frogs, wc see tlie 
nuclei of cells at certain distances from each other. They arc situated in 
the thickness of the wall, or on the inner face of the capillary vessels, on 
wliich they often form a prominent point. According to Schwann, the 
capillary vessels of the embryo arc probably formed in the following man- 
ner; some of the cells of the germinative membrane change into stelli- 
form cells by the prolongfttion of their parts. The elongations ok ap- 
a^sanst another, become BoUeted lc.^(.W,&e.-*»a3 we.*i- 
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Mrbed, ftnd a uecwork of canals is formeil of a very unequal tblckneu. 
The contents of the primary cells, secondary oc compogite, is the ssn- 
gtiineaiis liquid. (Acootding lo Valentin, the intenia] membrane of the 
oipillary vessels is produced from elongated or ramified cells. The ei- 
lerior fibres, as veil as the filiform epithelium, originate f^om the cellular 
Gbrcs, wbicb are formed and collected in masses on the exterior.) 

Valentiii distinguishes in the yi>riHatJon i>/'(iMue« a secondary deposit 
of enveloping substance; it is observable in the ganglionic globules of the 
biain and nerves. The primary cell is produced along with its nucleus 
and then Itself performs the function of a nucleus, so that its nucleus be- 
comes the nucleolule, and the primitive nucleolules become nucleolules 
of secondary power. Around the cell is disposed a moss of grains, united 
by a tmnspatent matter, and surrounded by a simple cellular membrane. 
In the egg, we see'new cells developed in the midst of the enveloping 
miss, which detennine the formation of the vlteUbe globules, and other 
cells of still higher importance, and which, by their metamorphosis. Lave 
a direct influence on the development of the parts of the embryo. What 
takes place in llie cellular formation of the Rrst degree, the deposition 
of a heterogeneous moss around the nucleus, is reproduced in the second 
degree, in the ganglionic globules and in the egg. For other details, re- 
ference may be mode to Valentin on the development of tissues {R. IFag- 
ser, PhjfHohgie, 1339, 182.) 

We shall give, in conclusion, and always according to J, MuUer, ft 
sketcli of the principal results which Scliwann has arrived at. 

The most diiFerent elementary parts of animals and plants liave a com.> 
mon mode of development ; their origin is always a cell. We first see a 
lubstancc presenting no structure, and which is found either in the inte- 
rior of the cells, or between the cells already existing. It is in this sub- 
stance that cells arc formed, according to determinate laws, and these 
cells ore devclopedin different ways in order to form the elementary parts 
of the oi^nisms. In each (issue no new cells are formed, except in the 
points to wUicli new nutritive elements penetrate ; whence the difference 
between the tissues which contain vessels and those deprived of them. In 
the first, the nutritive fluid spreads in every direction ; here tlie new cells 
appear in all the thickness of the tissue. In certain tissues without ves- 
sels, the nutritive fluid U brought only to the inferior, that is, the internal 
or adlierent face, as takes place with an epidermis. In cartilages, when 
tliey are still without vessels, new cartilaginous cells appear only at the 
surface, and then arrange themselves in a circle. 

The expression, increase hyJuztapo»itiim, is good tvhen used to express 
the production of new cells, and not the growth of such as citist. Tlie 
new cells of the epidermis appear only beneath the preceding. 

In both these cases the cells grow by intro-susceplion. 

Bones are found, up to a certain point, in a mixed state. The cartilage 
u at first without vessels, and the new cells are formed near its exterior 

K)ce. When vessels are developed in the medullary canals, the forma- 
of anew c}-tobla<t And new cells may tnke pWc mYat\.Ti\.'^« wx- 
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fwe iif the hane, an J in part atciund l.liese small medullary oannls. Tlita 
eiplains the disposllion of ihe cartilage in layers or plates coueentrie wllJi 
tlie surface or witl] tlie sinall medallary canals. 

The following, moreover, is the mode of the fotiiULtioti of cells ; in the 
midst of a cytoblast, without structure ot finely granular, we see, after 
some time, rounded corpuscles derelope themselves ; these are the nuclei 
aroand which the cells are formed. The nucleus of the cell is itself gra- 
nular, and either filled or hollow. From the nucleus first springs the cor- 
puscle of the nucleus ; around the latter a liiyer of a finely granular siib- 
sianec is deposited ; the nuclciia inorenses. Around tlio nucleus the cell 
is at last formed, by the deposition of a laj'er of a substance distinct from 
the surrounding cytoblast. Tliis layer is not very well defined at first. 
When once the mcmbriine of tlic cell hns acqiiired consistency, it beeomefl 
extended by the continual ndmiseion of new molecules between tliose 
already in their place ; it is lengthened out, by this development, from 
the primitive nucleus, whence it follows that this nucleus remains fixed 
on a part of the interna! surface of the walls of the ecll. The formation 
of cells is nothing more, therefore, than a repetition of the mode of the 
formation of the nucleus, by means of which the latter is developed around 
Its corpuscle ; only the formative activity ia greater in the development 
of the cell than in that of the nucleus. The membrane of the cell is che- 
mically different in the dlfTercnt Itinds of cells ; ami, in cells of the same 
nature, the chemical composition varies with age. Accordin* to Schlei- 
den, the membrane of the youngest cells of plants Is soluble In water; 
afterwards it Is not so. The contents iif the cells varies still more ; fatty 
matter, pigment, &c. In the interior of a cell, which is at first as trans- . 
parent as water, there may take place by degrees a granular precipitate* 
commencing round the nucleus ; on the oiher hand, the granular contents 
of a cell may dissolve insensibly. 

It is easy to see that cells are small organs in which reside the power 
that presides over absorption and secretion, On all absorbing surfaces we 
Und a layer of similar cells, which constitutes the epithelium ; they «a- 
round villosities, and may be compared to the eella of the spooj^oles in 
the roots of plants. In the excretory canals of glands we likewise find, 
according to Henle and Puckinjc, a layer of epithelium cells ; the whole 
mass of the liver, and even the tissue of glands, without excretory canals 
(th3mius, &o.), are likewise formed of cells inclosing a nucleus. 

According to Schwann, all the cells exercise a remote chemical action 
{metaMUche) on the cytoblast, wluch determines the secretions. The 
vessels conduct the liquid about to bo modified ; the cells which compose 
(he canals of glands are the modifying elements. 

With regard to the theory of cells, of which Schwann has now laid 
down the principles to serve as a basis to a theory of the vegetative func- 
tions of organized beings, I refer (says J. Mfillcr), to the work itself.* 

•i^rom AnnnJes des Sciences NalureUes, I vuraajs \%V1,^ \- 
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On the Comparathe Evaporatire Power of Coal and of Coke. 
By Akdrew Fyfe, M.D., F.R.S.E., F.R.S.S.A. Commu- 
nicated by the Royal Scottish Society of Arts.* 

Ix a paper read before the Society last Session, I stated 
that the evaporative power of different kinds of coal, would 
in practice be found. to be on. an 0.verage as the proportion of 
fixed carbon ; for though the gaseous matter evolved from 
coal by application of heat is, or ought to be, consumed dur- 
ing its combustion, yet, as the gases during their evolution 
from the coal must absorb heat, they will by their consump- 
tion again supply to a greater or lesser extent that which 
they absorbed ; hence has arisen the idea entertained by many, 
that coke will give forth as much heat by its combustion — in 
other words, will evaporate as much water as will the coal 
from which it is obtained. Now, though the evaporative 
power of coal which contains volatile inflammable matter 
seems to be in proportion to the fixed carbon, it by no means 
follows that coal, and the coke which it will afford, will in 
practice have the same evaporative power ; and it was with 
the view of ascertaining whether or not this is the case that 
the experiments, the results of which I am now to lay before 
the Society, were undertaken. 

The coal used was that from Tranent, and the coke was 
that from the same coal, prepared on a large scale in the 
common way for brewers and others in the neighbourhood. 
Previous to the trial, they were subjected to analysis to ascer- 
tain the proportion of volatile matter, fixed carbon, and ashes. 
The coal was as follows : — 

Coal. 

Moisture^ 13. 

Gaseous matter evolved by heat, . . 34.6 

Fixed Carbon, 50.1 

Ashes, ...•.•• 2.4 



100.0 
This coal ought therefore to yield 52.5 per cent, of coke, 

• Bead before the Boyal Scottish Society of Axis, March 28, 1842. 
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provided the whole of the volatile matter were expelled ; but 
this is seldom done when it is prepared ou the large scale. 
Accordingly, when subjected to analysis, the coke was found 
to yield inflammable gas by exposure to heat. It must also 
be borne in mind that coke always absorbs moistm'e &om the 
atmosphere. The composition of the coke, as found in the 
market, was — 

Moisture, 3.5 

Inflammable matlci erolvei) by tietLt, . 6.S 

Filed Carbon, 81. 



100.0 
The gaseous inflammable matter was, therefore, in the coal 
and coke in the ratio of 34,5 to 6.5, while the fixed carbon 
was 60.1 in the former, and 81 in the latter. The proportion 
of ashes in the coke was greater than that aflbrded by the 
coal which yielded only 2.4 per cent. Accordingly, as 100 of 
coal gave 52.5 of coke, 100 of coke ought to have given 4.5 
of ashes, whereas the quantity amounted to 9. 

In conducting the experiments with the view of ascertain- 
ing the comparative evaporative power of these fuels, I had re- 
course to the small furnace and boiler, with which some of 
the trials stated in my former paper were made. The boiler 
was of the waggon shape, with a returning flue, and capable 
' of holding 50 gallons. The fire surface of the furnace was 
16 by 14 inches, and the surface of the boiler exposed to the 
fire was in all about IS feet. The water supplied to the 
boiler was at the temperature of 42, and the quantity evapo- 
rated was, as formerly, ascertained by a glass gauge accurately 
graduated. The boiler being open, the evaporation was con- 
ducted under the natural pressure. 

The trials were first made with coke, so as to have the sur- 
face of the boiler exposed to the fire as clean as possible. It 
is unnecessary to give the results of all the experiments. I 
select the following as the most satisfactory 
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Tabular View of the Working. 



Time. 


Water evapo- 
rated in lbs. 


Coke supplied 

about 7 lb. 

per hour. 


11 


• • • 




12 


60 




1 


50 




2 


60 




3 


50 




4 


60 




5 


50 




G 


50 




7hrs. 


370 lb. 


501b. 



In this trial, which lasted for seven hours, 50 lb. of coke 
were used, and 370 lb, of water were evaporated from 42, and 
VV = 7.4 — ^accordingly, for each lb. of coke consumed, 7.4 lb. 
of water were driven off in steam. 

. In another trial, conducted with equal care and for the 
same time, the result was very nearly the Same. 

The coke used, it has been akeady stated, contained 81 per 
cent, of fixed carbon. Now, according to the experiments of 
Despretz, 1 lb. of carbon will evaporate 12.3 lb. of water from 
32, and the number of degrees of heat in the steam beyond 
that point is 1136 ; the water which I employed was at 42, 
consequently the degrees of heat in the steam beyond it were 
only 1126 ; the coke should therefore have evaporated only 
7.33 instead of 7.4 ; supposing the temperature of the water 
supplied to the boiler to have been at 32, 

and as 100 : 12.3 : : 81 : 9.96, 
accordingly, the coke ought to have evaporated 9.96, provided 
the whole of the carbon were consumed, and provided also the 
whole of the heat evolved by the combustion were taken up 
by the water ; but the quantity was only 7.33, therefore there 
was a loss of about 26 per cent. 

Similar trials were then made with the coal. The follow- 
ing is a tabular view of the most satisfactory :— ^ 
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Tima. 


WMer evapo- 
rated in lb. 


Conlttboot 
8 lb. per bom- 


9 
10 
11 

\i 

3 
3 

8 


40 
40 
45 
40 
45 
40 
40 
40 
45 
40 




11 hrs. 


460 lb. 


82 1b. 



In this (rial, which lasted for 11 hours, the coal used 
amounted to 82 lb. and the water evaporated was 4C0 lb. ; 
and Vs" = 5.G1 ; accordingly, for each pound of coal consumed, 
5.61 of water were evaporated ; but, as the water was at 42, 
the result would have been only 5.56, provided the tempera- 
ture of the water were at 32. 

In another trial the result was 5.8, or supposing the water 
at 32, it was 5.66. 

From the results of the experiments which have now been 
stated, it is evident that the practical evaporative power of 
coke is by no means so great as that of the coal from which 
it is obtained ; for, had it been so, a much greater amount of 
evaporation ought to have been procured. It has been stated 
that 1 lb. of coal evaporated in the furnace and boiler which 
I used, 5.66 lb. of water from 32. Now, this coal yielded 
52.5 per cent, of coke ; 1 lb. of the coke got from the same 
coal evaporated 7.33 ; consequently .525 would have given 
only 3.84. 

It may be objected to these trials, that as the coal evapo- 
rated only 5.66 of water, the furnace was not well adapted 
for the consumption of fuel. It must be allowed that the loss 
of heat appears to bo considerable, yet it was not much more 
than we frequently tiiid in furnaces of steam-engines, with 
which it is considered a good result when 1 lb. of coal evapo- 
rates 6 lb. of wafer. Besides. l\\c tv\3.\s weve moAc B«t with 
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the view of ascertaining the actual amount of evaporation 
which could be obtained by the combustion of a given weight 
of fuel, but the comparative evaporative power, or, in other 
words, what can be done in practice ; consequently, if there 
was a loss of heat in the one case, there would be the same, 
or nearly the same, in the other. Considering the experiments, 
the results of which have now been given, in this point of view, 
viz., that 100 lb. of coal evaporated 566 of water, and that 
this coal yielded 52.5 of coke, — then, had the evaporative 
power of the coke been the same as that of the coal from 
which it was got, 52.5 lb. of coke ought also to have given 
the same amount of evaporation. But, in the trials, 100 of 
the coke evaporated 733, and 52.5 would therefore have given 
only 384, — ^making a deficiency of 182 below that which the 
coal afibrded. 

I may here remark, that the result of the experiment with 
coal is another proof, in addition to those given, in confirma- 
tion of the conclusion which I deduced from the results of the 
trials stated in my former paper, viz., that the practical eva- 
porative power of bituminous coal is in proportion to the fixed 
carbon ; 1 lb. of carbon will evaporate 12.3 of water ; now, 
the fixed carbon in the coal, used in the trials just stated, was 
60 per cent» ; the quantity of water evaporated by the com- 
bustion was 5.66 ; it ought from the proportion of fixed car- 
bon to have been 6.16 ; the deficiency is only 0.5, thus mak- 
ing a very near approximation. 

Supposing this position to be correct, it may very naturally 
be asked. Why does not coke also evaporate according to the 
fixed carbon which it contains ? Now, to this a satisfactory 
answer can, I conceive, be given. In coal there is bituminous 
matter, which, before it is inflamed, must assume the gaseous 
form, and must, therefore, take up a part of the heat evolved 
by the combustion of the fuel previously on the fire, part of 
which it may again evolve by its own combustion, and thus 
supply that necessary for the draught ; but. in coke there is 
very little of the gaseous inflammable matter ; that in the 
Qoke I used was only 6.5 per cent. Now, though this would 
absorb very little heat during its volatilization, it would of 
course give forth little by its combustion ;\ieiieQ «i'^«x\,^^^Oaalt 
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evolved by the fixed carbon may be necessary for maintun- 
ing the draft; for, let us suppose the coke to be pure cnrboD, 
we never could expect that in practice it would evaporate to 
the full extent of what it is calculated to do, for, in that case, 
no allowance whatever would be made for loss of heat to the 
walls of the furnace, and more particularly, for that, wliicli it 
is well known always passes off with the gaseous products f^— 
I Aombustioa up the chimney. ^H 



0»i aouie Geological and Physical Con»iderationa connected 
with certain portions of the Gliic.ier Theory of M. Aga»aiz, 
By Professor H. G. Brosn of Heidelberg, ^r- 

The remains of fossil elephants seem to present an incon- 
gi'uity in the theory. As these remains are contained in the 
diluvial strata elevated by the Alps, the animals must have 
lived and perished along with their contemporaries at the 
period of the formation of these strata ; and, as they occur in 
a state of good preservation in the Siberian ice and frozen 
soil, it must also be assumed, that these animals were still in 
existence and were suddenly annihilated and enveloped in 
ice at the time of the suddenly occurring cold of the ice pe- 
riod, therefore not till after the formation of the diluvium, 
which coidd not have been likewise caused by this cold. 

Witli this subject «e must here connect the questions, — if it 
be actually susceptible of proof, from these remains of ele- 
phants, that such a refrigeration of the temperature of Siberia 
took place at that time ? — if, at the time when the elephants 
existed, it was actually so much warmer in that region \ — and 
if the supposed cooling must have taken place so suddenly i 

In the first place, the occurrence of living species of ele- 
phants in warmer regions is no proof that extinct species re- 
quired as warm a climate. At the present day, we still find 
various species of the genera Ursus, Canin, C'ernus, and Sos, 
distributed throughout every zone. Cuvier, also, in reference 
ti the former climate of Hiberia, directs attention to the fact, 
that the species of elephants enveloped in the Siberian ice 
biid by no mi^uvs a naked skin, liut was\ivo\\4e4vi'A\va*:(iNe'L'- 
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ing of three kinds of hair, one under the other, and hence was 
more capable of inhabiting colder regions than are our living 
species. Even at the present day, among the Tungouses, the 
camel of the hot deserts is associated with the rein-deer of 
the northern icy regions as a domestic animal. It has, how-^ 
ever, been said, on the other hand, that the incalculable num- 
ber of elephants whose remains are buried in Siberia could 
not possibly have found sufficient nourishment there. But we 
must remember that these remains have been buried very 
gradually during the course of thousands of years, and there-, 
fore by no means indicate a very numerous race. In sum- 
mer, moreover, the soil is by no means so unproductive as is 
generally supposed. Even where it is frozen to a depth 
of several fathoms, large trees take root in it, for in sum^ 
mer it thaws to a depth of from 2 to 16 feet. Around 
Jakutzk itself, where the mean temperature is — 7^° C. (about 
4- 20° F.), and where the soil is frozen to a depth of several 
hundred feet, there is a considerable quantity of fruit, and 
the rearing of cattle flourishes ; woods of larch cover the 
mountain acclivities to a height of 2400 feet above the level 
of the sea.* But Jakutzk, though it lies much to the south, 
is still nearly in the same isothermal line as those coasts of 
the Icy Sea which are so rich in remains of elephants. It 
willy however, be said, that elephants, at all events in 
winter, could find little nourishment in these regions ; but 
the answer to this is, that, like so many other quadrupeds^ 
they might have wandered to the south at that season. Like 
the bears of the Polar Sea, the land* bears of America, the 
squirrel (Sciurus Carolinianus) of America,t and like the 
lemmings of Scandinavia, which at the beginning of win- 
ter regularly migrate in armies of tliousands, so might the 
elephants have done, for they are otherwise well known to 
be animals that perform extensive wanderings. But do 
not the excellent preservation of the ivory in the soil 
of Siberia, the envelopment of the elephants with their flesh 



* See Erman, in his introduction to the " ArcUvf'dr ivissetuchafdicke Kunde 
von Russlcuic^'* 
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and linir in the ice-blocks of the Polar Sea, proTe at least 
thnt these ainmals must have been suddenly surprised by the 
oold, iiiaHmiich as under other circntnstaDce^j the portious of 
thfiir liody would have been subjected to decorapostion ! But 
the tuiinlivr of (ifrfectly frozen individuals is but small com- 
pared with tiio whole amount. The bodies of these few, per- 
liapi the hist of their species, could easily have been transport- 
oil from the locftiities, for them but partially habitable, by 
ttioAiiN of floods of impetuous rivers, to the ley Sea. I will 
not, however, have recourse to this hypothesis, but will con- 
tlim myiieU' to the peculiar constitution of the country. Sup- 
||(mIii)( thiit mioh animals were there destroyed by floods, by 
Rllihlli)f in iniirfhcM, &e., during the summer season, and that 
ihny tiBiik in tlioxe waters to the greatest depth to which the 
«iH U UiiiWKt) In tho middle of summer, they would suffer but 
Unio liy Iwlnn hopt nt a temperature near the freezing point, 
umlei' wnicr which in a few weeks was again frozen. I may 
\m'o nnlii't) Unit, in Orcat Britain and in North America, not 
imly kbuletonti of Hpcctes of deer ivith gigantic antlers, biit 
kUii t>lv|ilmii1i<, Imvo been found in such a state of preserva- 
ihin iilid Much II position as to shew plainly that the animals 
mint ImvK Kunk in tho iiuu-shes and moors. If the icy soil 
Wii» tliAW«d to a prpfttor depth during a succeeding summer, 
tho niil)' i^oiiHei|ueiic0 would bo tliat they would sinlt deeper 
iiilu il, ami wiiuhl thus bt> mon> protected from decomposition 
in tliH folliiwinK Meusons. Lastly, if, probably in consequence 
wf ll»i voi'y jdiLniomcnon which caused their destruction, they 
ivoro covorod with ncoumiilntions of sand and mud, which ele- 
Vfttod tho flurtUoo of the soil,* the melting point wonld thus 
riaa in thoaoil, and the height to whieh it always remained 
ft'oien would increase ; tlie destroyed animals would thus be 
tbr ever protected Kgainst decomposition. Thus, then, it is 
|irorlBely this, at Jirst sight, remarkable fact, which least of all 
Indieatea a diminution of temperature, or a sudden and on- 
IMual cooling of the earth's surface. 



■a lium authors, that tbe aoil or.Siberin conaiats in many 
g liiyci > of iiu iinil rrwuiu Band,— « cfivunuUiice which 
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A sudden and pretty extensive cooling of the earth after 
the existence of the elephants is therefore by no means proved 
by the occnrrence of frozen el^hants in the Siberian ice, 
and is just as little required for the explanation of this phe- 
nomenon as for that of erratic blocks. We should, however, 
meet with much greater obstacles were we to inquire into the 
cause which could have produced such a refrigeration. From 
the theory of a gradual cooling of the earth from a red-hot 
condition to its present temperature^ with which the hypothe- 
sis coincides in other respects, we can only, apart from local 
modifications, deduce a constant decrease of temperature, and 
there is also no other astronomical or physical cause by which 
an interrupted and intermitting diminution can be explained. 
Without our being able to assign such a cause, the hypothesis 
is not in any one point sufficient. It requires not only that 
the temperature of the earth should have fallen, but also that 
it should afterwards have been elevated ; and not only is it 
necessary that this inexplicable occurrence should have taken 
place at the end of the tertiary period, but also that, after 
each of the five geological periods usually assumed at present, 
such a great sudden diminution of temperature should have 
destroyed all life, and that then the heat should have again 
increased, and awakened new beings, in order to continue at 
an equal height during the next period. In the work of Agas- 
siz, we find only two attempts to establish this incorrect and 
unnecessary theory. On one occasion, he remarks generally 
(p. 306), " Nothing favours the idea that this diminution of 
temperature was gradual ; on the contrary, whoever is accus- 
tomed to regard nature in a physiological point of view, will 
rather be inclined to assimie that the temperature of the earth 
was lowered by successive steps, and was again somewhat ele- 
vated," &c. But the whole refrigeration theory, the whole 
foundation of our present geology, which the ice-period hypo- 
thesis itself recognises, is in favour of the gradual cooling ; 
from it no other mode of cooling can be deduced, and the kind 
of argument used by our author on another occasion, " no- 
thing favours the idea,^' may with truth be directed against 
his own supposition. At another place, p. 295, he says that 
it was the elevation oi the Alps out of the immeasurable 
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covering of ice " which again euddenly altered the relations 
of the climate of Switzerland, and gave rise to those frequent 
oscillations and variations in the ice-crust of Switzerland 
caused by the alternations of season and changes of weather." 
But if the elevation of the Alps could have had an influence 
on the climate, that can have been only local, and not one 
destructive of the icy envelope of the whole northern and 
temperate zone ; and it can only have had a refrigerating in- 
fluence and not a heating one, because we still perceive that 
thus Switzerland became an actual repository of eternal snow 
and ice, under all circumstances, in the midst of the tempe- 
rate zone, and operated with a refrigerating influence on the 
surrounding countries ; and therefore Charpentier* has cor- 
rectly assumed for his theory that a former greater elevation of 
the Alps may have been the cause of the former greater extent 
of the glaciers, — a supposition which we find juiswered by 
Agassiz by the argument that " nothing favours the idea" (p. 
281). There still remain for us, then, two investigations in 
relation to the theory of the ice-period : that as to the last- 
mentioned question, viz., if really there is nothing to support 
the notion of a former greater height of the chain of the 
Alps ; and that as to the actual causes which are capable of 
explaining the alterations of climate since the formation of 
the diluvium. 

If the Alps rose in a burning liquid condition, as is assumed 
by Agassiz, there can be no doubt that originally they actually 
had a greater height than they have at present ; and this be- 
e every body expands by heat, and contraets by cold. I 
shall only adduce the observations of Professor Bischof, from 
which it appears that granite, in its passage from the liquid to 
the crystalline state, is contracted by 0.25 of its volume. At 
the time when the Alps were covered with a. crust of ice, their 
surface must, it is true, have been completely cooled ; but this 
did not prevent their interior being still in a red-hot state, 
and their nucleus being liquid ; just as we find Etna and many 
other active volcanos covered with eternal snow. In this 
way, however, the largest jiortion of the contraction must pre- 

* Jahrh'di, 1837, p. 471. .^ 
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viously have taken place, or at least the hardened outer crust 
could no longer follow completely the contraction of internal 
nucleuB. But, as according to Fos, granite, from its red-hut 
couditioQ down to the usual temperature, contracts by about 
0.02, this would, in the case of Mont Blanc, amount to 300 
feet for the portion projecting above the level of the sea, 
without taking into consideration that gi-eater elevation of 
temperature and expansion of the portion of the vast crust 
of the earth on which the Alps rest, which must necessarily 
have been combined with this eruption, and which must, in a, 
great measure, have existed after the cooling of the mountains, 
and without including the expansion of the merely elevated 
Neptunian strata. That, further, the sinking of a newly 
formed range of mountains, produced by the agency of tire, 
can be still measured within a short period, when that range 
is susceptible of being covered externally with snow, is proved 
by Boussingault's report on the Andes, in which chain the 
mountain of Quaguapichincha, near Quito, though now clear 
of snow on its summit, wag covered with so much a hundred 
years ago that the French geometricians were interrupted in 
their labours ; the volcano of Purac^ also, near Popayan, ac- 
cording to the assertion of the inhabitants, has its snow line 
the summit than formerly ; and, according to tha 
lasurements of Boussingault, Quito, Popayan, Santa Ft- de 
tgota, and the Meierei of Antisana, are not so high now at 
they were found to be tliirty years ago by Caldas and Hum- 
boldt. These portions of the Andesconsist of trachytic rocks, 
which contract only by 18 instead of 25 per cent. We are, 
therefore, rather entitled to say, that nothing favours the sup- 
position that the Alps have constantly possessed the same 
height above the level of the sea since their elevation. 

Nevertheless, it is not my intention to deny all diminution 
of the temperature of the earth's surface, or even local altera- 
tions of temperature since the disappearance of the elephants. 
As, however, it was only in the last period of the earth that 
the temperate zone could be more and more distinguished 
from the hot, and the cold from the temperate, a degree of 
medium temperature was thus so uneijuaUy distributed over 
thesurf;ice aithe earth, that, sucliateiQ^€C&t\ueNV'Qu.l<luQt.b^ 
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perceptible in the hot zone,but little in the temperate, and most 
of all in the cold zone, where it would operate moat powerfully 
in ivinter and at uight, so that a degree of diminution of the 
mean temperature of the whole earth, distributed in tbe man- 
ner indicated, must have made the winter at the edge of the 
Polnr zone several degrees colder. At all events, therefore, 
since the period of the disappearance of the elephants, the 
Blteri.tions in the temperature of the earth, taken altogether, 
have been limited to the increase of the cold of the winter 
and of the nights in higher latitudes, which had, as a couse- 
ijuence, an increase of snow and ice towards the Pole and on 
(he mountains neai- it, and also an indirect action of this ice 
on the temperature of the region, and especially ou the 
changeable nature of its summers. 

If, however, these alterations of temperature should not be 
BLiflicient to explain the phenomena connected with the early 
glaciei's, the intervening local alterations of temperature ren- 
dered possible by continental elevations and depressions, by ma- 
rine and aerial currents, and by the local coolings of the crust of 
the earth, and also, according to all the indications afforded, 
the enormous length of the period of thousands of years which 
elapsed during which similar local phenomena could afl'ect all 
jiarf s of the temperate and cold zones, are more than enough to 
account for them, when we reflect that these local phenomena 
have even now the residt, that in our hemisphere many such 
■jilacea which are separated from each other by from 20"^ to 25' 
of latitude, come under the same isothermal lines, and have a 
similar mean temperature, while, on the Other hand, there are 
places lying in tie same latitude wliidi present a difference 
of mean temperature of from 10° to 12" cent, (18" to 21°.6 F,), 
nay, of even 17" cent. (30^.6 F.), and when further we re- 
member, that even in the historical period, during the lapse 
of from 200 to 300 years, Greenland {GronJand, formerly 
Griinland) has been subjected to such mighty alterations, that 
it has now become almost uninhabitable. What consequences 
would be produced on the climate (supposing the heat 
of the sun to remain the same) by a pei'manent increase of 
tile yearly fall of snow in Switzerland, cuu.sed hy any geogra- 
phica) change ? Aui if we think of the fact tliat the <ii 
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tity of rain in the Alps northwards from the termination of 
the Adriatic Sea, exceeds several times that of any other part 
of Europe, it will be evident on what accidental circumstances 
such an increase may depend.* 

In conclusion, it still remains for me to discuss a subject 
Connected, in many respects, with this matter, viz. that of 
geological periods, of which five have lately been generally 
adopted. These I have in my Lethaa designated by the names 
Carboniferous, Saliferous, Oolitic, Cretaceous, and Molasse {Koh" 
ten, — SalZf — Oolith^ — Kreide, — and Molasse-perioden,) This 
Period edifice^ the offspring of limited observations on con- 
tracted surfEtces, already totters in all its supports ; but, never- 
theless, it is still necessary to sustain it and to bolster it up, as 
the erection of a new and better one is probably not so easy, 
and as the old one still affords us a welcome point of departure. 

The refrigeration theory of the earth does not admit the 
assumption of an interrupted cooling by successive grada- 
tions, or even (as Agassiz supposes) an undulation of cool- 
ing of the whole earth by simultaneous elevations and depres- 
sions. Thus neither refrigeration nor any other given cause 
affords us the power of assuming sharp boundaries between 
different periods, or of adopting the consequences which 
are thus deduced, and especially in regard to their ani- 
mals and plants. These undoubtedly became changed, but 
that in a continuous and gradual manner. We must, on the 
contrary, whatever theory of the formation of the crust of the 
earth we may follow, admit that the Neptunian strata, which 
we arrange into groups, formations, and periods, could not, 
individually, have been deposited simultaneously in an unin- 
terrupted manner, and with similar mineralogical characters 
over the whole surface of the earth ; that rather a number of 
local modifications in the formation of strata, caused by the 
relations subsisting at that time between the land and water, 
must have occurred, which were everywhere different; that 
there were also many strata here and there destroyed, and 
that, consequently, no petrographical or geological character 
available for the distinction or separation of groups of strata 
could extend to the whole surface of the earth. Neither, there- 

'^ See the JPAi/sikalttchcr Atlat oi BetgWus. 
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fore, have univergal well-defined divisions existed in the history 
of the formation of Neptunian products, nor liave marks of 
such been left for us. This consequence, bo very easily de- 
ducible from the hypothesis of the formation of rocks, was for 
a long time not drawn , at the period when appearances seemed 
against it ; and because, in sciences of observation, facts have 
so frequently overturned conclusions much too hastily formed, 
and soon afterwards individuals have been so fortunate as to ex- 
plain the contradictory facts as a necessary consequence of the 
same hj-pothesis by means of new kinds of reasoning. When, 
therefore, I now assert the necessity of giving up the sharp 
distinction of geological periods, this is not the consequence of 
a preconceived theoretical opinion, but because the proofs of 
the opinion are already in existence. 

At no period was the whole surface of the eai-th entirely 
sea, and at no period was it entirely dry land or in a marshy 
state ; but many parts have boon often iu both conditions for 
a time or alternately. When a portion was continuously covered 
by the sea for a period not too short, the deposits then formed, 
and their contents, would remain of a uniform character, or 
only gradually become changed- If, in connection with such 
a state of things, another portion in the vicinity was covered 
by the sea at the beginning and the end of the period, but 
was dry the intervening time, there would be an abrupt in- 
terruption between the two deposits ; in short there would be 
the same distinction as between the earlier and later deposits 
of the first mentioned portion, but without the intermediate 
links. If, in the first region, a violent current destroyed a 
part of the aheady formed connecting links, a similar but 
even more distinct interruption would arise, because the re- 
maining positive traces of the destruction would become 
blended together. Events such as the two last, have no doubt 
occurred on a very great scale over central Europe, and these 
have given rise to the adoption of the idea of the distinct se- 
paration of the strata of the crust of the earth into five peri- 
ods ; perhaps, also, in many cases, the concealment of the ac- 
tually existing intermediate strata in less opened up depths of 
the earth has contributed to the belief. Extensive mountain 
elevations likewise, with a high incVmat\oii vH a\va.\.a, uu which 
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1i(H*izontal strata have been deposited, have also aiForded 
proofs of boundaries. When, however, we become more ac- 
curately acquainted with such concealed portions of the inte- 
rior of the earth, or with the more remote parts of the sur- 
face, these local blanks will more and more disappear, and 
others will occur where previously only uninterruptedly gradu- 
ating series of strata were known.* Supposing that geology 
had been developed in another portion of the earth than cen- 
tral Europe, entirely different divisions into periods would 
have been the result, and with just as much incorrectness in 
relation to the whole. There is still, however, no doubt the 
distinction, that in the first period of the deposition of the nep» 
tunian rocks, the temperature was higher, and was therefore 
more uniform over the whole surface of the globe, so that the 
living beings on the earth and the remains derived from them 
might have a uniform character ; and that at that time also 
the continents, probably less elevated and extensive, might 
have presented a less interrupted continuity than at present 
of the strata formed under the water. 

In my Lethda Geo^piosHca^ I have already given a list of 
such species of organisms as are common to different periods, 
and I shall not return to it now, as here I have more to*do 
with the strata of rocks than with the species of petrifactions. 
While I willingly admit that, by a more minute examination, 
many of these species may be divided into two, or may turn 
out to be incorrectly determined ; yet still the number of such 
common species has since been much increased, notwithstand- 
ing that much more careful determinations are now made, 
and De Yemeuil and D' Archiac have prepared more exten- 
sive listSw 

I. Regarding the boundaries between the present time and 
the molasse period, it is known that there are tertiary deposits 
which have 0.95, 0.90, 0.80, 0.50, 0.020 of their fossil species 
that are common to the living creation, and though some 
intermediate links are still awanting, yet these will yet be 
found. Here, therefore, we can hardly assume any real limit. 

I J ■■ II-— r -^ -- -- — -,- -j.^ — ^ , - , - — . — — r^-M-Ti ' — ~ ' — " I "^— arh— I I I wi_ ■_i_^__^.^_^ 
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Tlie observations made as to the remains of extinct animals 
occuiTing along witli remains of man in original repositories, 
can hardly be said either to be confirmed or contradicted. 

II. For a long time it appeared tliat there existed a very 
marked limit between the molasse and cretaceous periods, esr 
pecially as there was to be seen near Paris a rich and per- 
fect series of strata at the boundary of the two, where they 
seemed to be very distinctly separated in their deposition. 
On the other hand, Grateloup persists !n the assertion tliat at 
Dax, some chalk fossils occur above the chalk in the tertiary 
strata, and he names in particular Spatangux omatiis, Uefp., 
Oalerites excenlricua, Lamk., and Galerites semifflobua, Lamk.,* 
although Des Moulinsl' only enumerates the first in the two 
formations- The sandstone of Gosau has yielded, besides ter- 
tiary fossils, I'eclen quinquecoslalUB and Trii/oHia sciiLfo^ and, 
according to Sedgwick and Rlurchison, also ten other chalk 
species. Lyell instances such mixtures in the Faxoe lime- 
stone on Faxiie. The green sand at Aix la Chapelle con- 
tains, according to Dumont's list, seven tertiary fossils out of 
twenty-eight species determined ; according to Davreux, five 
out of thirty ; and according to Hceninghaus, five out of twenty- 
eight, which D'Archiae hag already included in his list. Ib 
the Crimea, according to Dubois, many fossil species of the 
older tertiary strata extend into tlie ehalk, and that chiefly in 
a nummulite limestone and a hard marl. The same pheno- 
menon is repeated in Egypt, where two characteristic species 
of the oldest beds of the Calcaire groisier {Nerilina pcrcena, 
and the mould of a large Cerithiiim) occur in the chalk, while 
certain Exogyroi and a Baculite extend into the same nummu- 
lite limestone which was mentioned as containing so many 
tertiary fossils in the Crimea. We borrow this information 
from de Vemeuil's memoir on the Crimea. 

III. The boundary between the clialk and the oolite scries 
has been very much effaced by the discovery and separation 

■* Grateloup'ii Miawire- mir let Oiirio\s fumks, p. 3. 
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of the Hils-clay and Neocomian strata, as the lowest members 
of the chalk ; the former is, according to Roemer's recent in- 
vestigations, essentially a portion of the chalk {Speeton clay\ 
but contains in Hanover Exogyra sjnralxs^ Pecten lens^ Tere- 
bratula perovalis^ Serpuia volulnliSj and CeUepora orbiculata, 
in common with the Coral-rag and Portland limestone; there- 
fi(»re a larger number of species than are common to the lower 
oolite and Oxford clay, &;c.* Although Roemer, in his new 
treatise on the chalk, does not enumerate these species (with 
the exception of the Terebratula)^ or forms new species for 
the individuals occurring in the Hils-clay, yet, on the other 
hand, according to Dubois, a much greater mixture of Jura and 
chalk i^ecies occurs in the same formation in the Crimea, 
where in the chalk, out of 49 species, 16 present themselves in 
the oolite. According to Fitton,-|- 15 species of the oolite oc- 
cur in the chalk of the south-east of England, but, in regard to 
this, it is proper to remark, so far as these are derived from 
Fuller's-earth, that RoemerJ considers Fuller's-earth as the 
equivalent of the Hils-clay or Speeton clay. In Yorkshire, 
Phillips finds that the Knapton and Speeton clays afford, out 
of 107 species, 99 from the chalk and 8 from the Kimmeridge 
clay, which latter is there awanting. Montmollin and Alex- 
ander Brongniart enumerate in the Neocomian strata of the 
Jura, the former 4 out of 14, and the latter 2, as belonging 
to tiie oolite. Miss Bennet mentions, that in Wiltshire, 5 species 
of the coral-rag occur also in the upper green-sand, but I do 
not trust entirely to the determinations. Other common species 
from various localities are to be found in the work of Goldfuss. 
Most of these species, and also some detected by himself, are 
ennumerated by D'Archiac in bis list. 

IV. The smallest number of common species has been found 
in the oolitic and trias, or saliferous series ; and yet in Coburg 
and WUrtemberg it is extremely difficult to determine with 



* In the more recent works on the chalk, however, that Exogyra spiralis 
is regarded as a new species. ^ 

t Ohservations on the strata below the chalk and Oxford oolite in the 
sonih-east of England^ 1836. 

f Versfemenmyen der NorddenUcken Krdde, HamoVeY, \fti\ , \f , Via* 
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exactness the strata with which the one series begins ano^ 
otlier ends, as these beds pass into one another gradiutlIv-9 
in a conformable position, 

V. Up to the present time the rocks of the trias and tl 
of the coal or transition series seemed to be the tno&tv 
tinctly separated ; a wide gap appeared to be opened nfm 
tween them. This blank, however, lias also very lately | 
filled up, since the appearance of the work by Miinster I 
Wissmann on St Cassian. Tlie formation of St Cassian, ftr I 
so long a, period a puzzle, has ended by becoming the explana- 
tion of anotlier puzzle, the separation between the coal forma- 
tion and the trias. It is a previously unknown link between the 
two periods, which, out of 422 species, contains 386 locally pe- 
culiar to it, and, among the 36 remaining species, has 22, which 
are one-half common with the transition rocks and the other 
with the trias ; in favour of which double connection, the genera 
distinguished as belonging to the two give just as strong in- 
dications as the species. When, then, besides these there are 
some species partly analogous to, and partly identical with, 
those of mort^ remote formations, viz. 11 vrith the lias, and 
3 with the Jura, this scarcely amounts to a larger quota 
than occnrs in other formations, but which I shall not enume- 
rate, in order that I may not be too prolix. I would merely 
refer to the Lethda, to Hisinger, Von Buch (on Terebratulte;, 
Adolphe Brongniart, D'Archiac, De Verneuil, &c. 

Thus, then, the results of recent investigations have con- 
finaed and justified what I asserted in 1832, that such cases 
must, in the mean while, be considered apart and isolated 
from the others, until more minute researches on the very 
spot should either teach us something different, or shew the 
cause of the mixture of fossils from different formations. If, 
however, we must admit such a mixture for the products of 
different periods, how much more will it be the case for the 
products of different formations or groups of formations of 
one period ! When I read, three or four years ago, the asser- 
tion of Murchison and De Verneuil (which, however, was after- 
wards much limited liy themselves), that all the fossil species 
of the Catabr'tAQ, the Silurian, the 'Devonvatv, awi '^e -vawKv- 
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tain limestone systems were different from one another, I 
Kaid, not only to my pupils, but in various published papers,* 
that these naturalists would tlie less deny a mixture of the 
fossils of the different systems the more they extended their 
views beyood the small country of England, and looked about 
tliem over a greater surface. 

The result which has been obtained, that the species by 
no means became extinct at the end of each period, but 
partly lived during the succeeding one, also proves that these 
periods cannot have been separated in a very marked way ; 
that such periods, to assume which has been so convenient for 
us, and will probably remain so for some time longer, Actve 
never existed imivermUi/ over the whole surface of the earth; 
bencc that a sudden refrigeration after a uniformly warm con- 
dition of the earth could not have destroyed simultaneously all 
Hfe, in order to make way for a new race of beings, as is sup- 
posed by the ice-hypothesis, and that this universal cooling 
which is asserted, it is not known where or how, to have been 
brought upon the earth from time to time, also never existed. 
But against this " geolc^ca!" view tliere now makes its ap- 
pearance a new opponent that 1 have not yet mentioned, one 
wliich is intimately connected with the ice- hypothesis, and is 
the most alarming of all, viz. the hypothesiH,t " that no cha- 
racter, that is, no distinguishing mark (of an organism) ought 
ever to be regarded as so trifling as to point to absolute iden- 
tity ; that it is not characters which niuk out the species, but 
the combined relations to the external world in all the cir- 
cumstances of life," (which, however, in fossil beings, are re- 
duced solely to their stratographical distribution and their 
association with other species !). " Therefore the species can- 
not be recognized by resemblances, but only by their rela- 
tions;" and without doubt, " in future it will be necessary to 
express the specilic difl'erence of organic remains by the cir- 
cumstances of their occurrence, without it being possible to 
assign distinctions to tliem. And instead of being involved 
in boundless uncertainty, our science will emerge from its 
dry foundation to a state of rich blossom," that is, provided 

* Jairdae»,ia3e,p. 736, note; 1841, p. 97; \?4\,V.'i\l, &•:- 
t Jameson's Journal, rol. xxxii. p, 07, 

voL.xxxiii. so. r.xv.— jt-LV 1842. »» 
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this blossom is not, as I hope, for ever frozen in the ancient 
uniTersal ice ! I have termed this opponent the most alarm- 
ing of all, becavise, being in part a spectre, it has nothing cor- 
poreal about it upon which we can fasten, no foot that one can 
impede, and no head which one can strike off ! Distinction 
of species without difference of characters : in what way can 
proof be adduced, and against what shall we bring proof? 
" By the circumstances of their occurrence!" In fossil epe? 
cies, that means neither more nor less than their stratographir 
cal distribution, which merely comes to this : Whoever wishes 
it, may declare that all the species of two periods are different, 
and whoever wishes it, may declare that all the species of 
two dii-ectly succeeding strata are different. It is true he can- 
not prove it, but neither can he be refuted, because, according 
to the hypothesis, no further proof is required. 

Let these glaciers move chiefly by the expansion of infiltrated 
water instead of their own weight, — grant that they have po- 
lished and furrowed many parts of the surface, that they have 
heaped up moraines into heights and hollows, nay, into whole 
mountains, where glaciers no longer occur, and that they prove 
a lower temperature to have existed at the time of their for- 
mer extension, — yet all is not glacier action which the hypo- 
thesis declares to be such ; least of all can it be concluded 
that the whole northern hemisphere was suddenly and simul- 
taneously covered with a crust of ice as far as Mount Atlas, 
and that the whole earth was repeatedly and interruptedly 
r^uddenly cooled and then heated, in order alternately to freeze 
and awaken different races of beings. I cannot in any measure 
give my assent either to such doctrines, or to the opinion that 
species can be recognised without distinctions being ascer- 
tained, or established by characters which seem to have no 
stability, supposing even that whole periods of the earth's his- 
tory lay between them. For, if the petrifactions presented 
to our investigation are to assist us in explaining the mys- 
teries of the history of the globe, the value of these docu- 
ments should not be destroyed by preconceived and arbitrary 
assumptions.* 



* '^e nbave Taraia\i form jifiil oE a Menw'w iaactiekW 
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On the PreventioH of Smoke and Economy of Fuel by the use 
of Steam, in the Patent Process of Ivison. By Andrew 
FriE, M.D., F.R.S.E., F.R.S.S.A. Commnnicated hy the 
Royal Scottiah Society of Arts,* 

Ik the papers on the Evaporative Powei- of Coal which I 
have ab-eady laid before the Society, 1 ventared to throw out 
the conjecture, that it depends on the proportion of tixed car- 
bon which it contains, independent of the volatile inftammable 
matter ; that, in fact, the greater the proportion of this ingre- 
dient, the greater would be the amonnt of available beat 
evolved during the combustion ; and that I am correct in this 
opinion is still further confirmed by what was stated in the 
paper submitted to the Society on the 38th ult. 

Thns, in the trials recorded in the iirst paper, with coal 
>vhich contained 50.5 per cent, of fixed carbon, the practical 
evaporative power was 6.2. According to the fixed carbon, 
it ought to have been 6.2. In another trial in wliich the per- 
centage of fixed carbon was 6.7, the evaporation amounted to 
7.S. it ought to have been 8.0 ; and in a third it was 8.73, in- 
stead of 8-78. In the paper lately read to the Society, the 
result of trials with a different coal were given ; it waa 5.8 ; 
.lecording to the proportion of fixed carbon, it should hav« 
been 6.1. 

From these results I think that I am warranted in draw- 
ing the conchision, that the practical evaporative power of a 
coal is just as the proportion of fixed carbon ; that b, as the 
quantity of carbon which the coke from the coal contains. It 
13 evident, however, that this remark applies only to bitumi- 
nous coal, or to anthracite of inferior quaUty, and which, 
from its containing volatile inflammable matter, resembles 
other kinds of coal ; for when a fuel is composed ahno.st entirely 
nf carbon, as is the case with the beat anthracite, were it ex- 
pected that the practical evaporative power would be equal to 
tlie amonnt of fixed carbon, which is occasionally 94 per cent., 
then this fuel would drive off nearly as much water in vapour 

^L * Bead before the Soynl ec-otlieh Sodely of ArlB,'i&lU ^^\ \M2. 
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as it is calculated can be done by carbon itself, provided the 

whole of the heat evolved by its combustion were taken up by 

the water. Now, it is well known that in practice this is 

never done, owing to the abstraction ,of part of the heat by 

the building, and from a considerable part passing up the 

chimney. 

Now, allowing that the available heat in practice ifi that 
evolved by the combustion of the carbon of the coke, and con- 
sequently that that whicti is evolved by the gaseous elements 
is lost, an important question arises, Can we by any means 
increase the evaporative power beyond that occasioned by the 
fixed carbon t in other words, Can we make available any of 
the heat which is, or wluch ought to be given forth by the 
volatile matter '. 

In carrying on the combustion of coal all the fixed carbon 
is consumed, with the exception of that which falls into the 
ash-pit ; because, before any part of it escapes as a gaseous pro- 
duct, it must combine with oxygen ; but this is not the case 
with the gaseous hydro -carbons. It is well known that a con- 
siderable part of these often escapes unconsumed as hydro- 
carbon, while another part, being decomposed, allows the 
combustion of the hydrogen, while a portion of the cai'bon is 
set free and not consumed ; and hence smoke, more or less 
dense, according to the escape. This is occasioned by the 
want of due admission of air to the inflammable gases, at that 
part of the furnace where, when mixed with them, it would 
be exposed to the temperature requisite for their combustion. 
It is evident, then, that the more freely air is admitted, up to 
4 certain extent, at the proper place, the more perfect will 
be the combustion of the gases. Hence the mmierous contri- 
vances for the admission of air, both cold and heated, at dif- 
ferent pai'ts of the furnace, by which smoke is so far prevented. 
Allowing, however, that this is done, and that, by these pro- 
cesses, the escape of any part of the gaseous elements uncon- 
sumed is also prevented, the question still remains to be an- 
swered. Whether the practical evaporative power is increased 
beyond that which is pointed out by the fixed carbon of the 
coal 1 Of course I now allude to bituminous co^ in general 
iise for stcam-rngine fiirniives. 
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; statements have been given of the amount of 
evaporutioD produced by the combustion of fuel in the most 
approved furnaces. In the experiments, the results of which 
I have given in the published papers already alluded to, the 
utmost fi-om Scotch coal of good quality was 6.6 lb. of water 
from 32 for each pound of coal ; and if we suppose the eva- 
porative power of Scotch coal to be to that of Hnglish coal as 3 
to 4, then, in the furnace that I used, the result would have 
heen as 8.8 with a similar consumpt of fuel, which is nearly the 
same as that obtained by others. The highest products on re- 
cord, with which I am acquainted, are those of Parhes, given 
in the Transactions of the Institution of Civil Engineers, vol. iii. 
parti. ; and by Henwood also in the same Transactions. In 
one trial by Mr Parkes, in which every precaution was used 
to prevent, as much as possible, the loss of heat, the evapora- 
tion from Newcastle coal was 10.32 from 212, which, allow- 
ing the degrees of heat in steam beyond 32 to be 1136, as 
stated by Despretz, would be reduced to 8.68 from 32. In 
my trials with Scotch coal it was 6.6 ; and keeping in view the 
comparative strength of English and Scotch coal, tlie results 
very nearly agree. In one of the trials recorded by Henwood, 
100 lb. of Newcastle coal evaporated 16.95 cubic feet of water 
from 94, which gives 1064 lb. for each pound of fuel, and re- 
ducing this to 32, the result is 9.96. 

The quantity stated in the above trials is far short of what 
it is said coal ought to evaporate, whether we calculate this 
from the quantity of oxygen which it requires for complete 
combustion, or from the known composition of the coal. 

In the paper on the Heating Power of Coal-gas, published 
in the Transactions of the Society for 1840, I have stated 
that it required the consumpt of about 16 feet of gas to boil 
off 1 gallon of water from 32, consequently it would require 
1.6 to boil off 1 lb., i. e. 7000 grains. Now 1 of gas requires 
on an average about 1.8 of its bulk of oxygen for combustion, 
supposing the gas to be about the sp. gr. 570. 1 foot of oxy- 
gen weighs 587 grs., or nearly so, and 587 X 1.8 = 1057, con- 
seq^iently the oxygen necessary for the consumption of 1 foot 
of coal-gas. of the quality stated, will weigh about 1057 grs, 
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According to Despretz, when 1 of oxygen enters into union 
with other substances, heat is given forth sufficient to boil off 
4.6 of water from 32. Now 1057 x 4.6 = 4862, which mul- 
tiplied by 1.6 = 7779. In my trials the consumpt of 1.6 oE 
ga« boiled off 7000, and consequently there was, by this mode 
of calculation, a loss of about one-tenth of the evaporatiTe 
power iu my trials. 

It is generally allowed that 112 lb. of coal will yield 500 
feet of gas, consequently 1 lb. will yield 1.46, or very nearly 
4i feet. It has been shewn that in my trials 1,6 of gas eTB- 
porated 7000 of water, and according to the consumpt of oxy- 
gen, it should evaporate 7779, and as 1,6 : 7779 i: 4.6 : 22,30), 
and 22,362 -^ 7000 = a.l9. Accordingly the gas from each 
pound of coal should, by its combustion, and provided there 
were no loss of the heat evolved, evaporate 3.19 of water 
from 32. 

The average quantity of fixed carbon in Scotth coal amounts 
to 50 per cent., consequently it ought to boil off 6.15 of water 
from 32; now adding this to the 3.19 formerly mentioned, 
1 lb. of coal should evaporate 9.34, provided the whole of the 
fixed carbon, and of the gas given off from it, as in the ma- 
nufacture of coal-gas, were completely consumed ; but this is 
short of what a pound of coal ought to do, supposing the whole 
of its inflammable ingredients were consumed, and provided 
also the whole of the heat evolved were taken up by the 
water. 

In the table ^ven by Mr Richardson, Lond. Phil. Mag., 
1838, the average quantity of oxygen necessary for the com- 
buation of 1 of Scotch coal is 2.47, which would make 1 lb. 
evaporate 11.3 of water. Now, deducting 9.34 from this 
gives a deficiency of 1.96, which must be accounted for by 
the formation of the tar and volatile oil, also produced in the 
manufacture of coal-gas, by the elements entering into a new 
state of combination, and which, if burned along with the 
fixed carbon and gas, should make up the evaporative power 
to 11,3, or thereabouts. If we deduct the 6.15, representing 
the evaporative power of the fixed carbon, from the totid 
amount, the deficiency is 5.15. Xow, allowing that, by tlic 
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proper construction of the furnace, and liy the due admisuon 
of air, BO as to prevent the escape of any part of the voUtilft 
inBammable matter unconsumed, the evaporative power of 
bitnininoua coal, when burned by those means, does not go 
beyond that which the fixed carbon of the coal will aftbrd, an 
important question flows from what has been stated as the re- 
sults from the foregoing calcniations. Can the evaporative 
power be increased beyond that of the fixed carbon ; in other 
words can the gaseous products be also so consumed, that the 
heat evolved by their combustion, will also cause the evapo- 
ration of water, and thus increase the total amount of evapo- 
ration ? The process which I am now to describe is one by 
which that object can be obtained. It is a modification of that 
to which I formerly drew the attention of the Society, and an 
account of which is published in the Transactions for 1838. 1 
then shewed that by propelling steam up through the fuel, when 
in H state of combustion, the evaporative power is increased. 
1 intend now to illustrate another remarkable circuinstanen 
accompanying the use of steam. When, instead of being 
introduced from below so as to make it pass up through 
the fuel, it is projected above it, a similar result is obtained 
as to increase in evaporative power, and, in addition to this, 
there is also the very desirable object, the total prevention of 
smoke. This constitutes the process lately patented by Mr 
Ivison of the Castle Sitk-Mills of this place. From the nume- 
rous opportunities I have had of conducting experiments with 
it, and, from the very interesting results which I have oli- 
tained, I have thought it advisable to lay an account of them 
before the Society. From the time occupied in carrying them 
on, they are, 1 conceive, valuable as giving results from trials 
on a large scale ; and from the minute attention bestowed 
on them, I may be permitted to state, that the most implicit 
confidence may be placed in them. Though I have wit- 
nessed many trials, yet my remarks will be confined exclu- 
sively to those conducted under my own superintendence, 
having been present during the whole of the time, and having 
myself assisted at the weighing of the fuel, and in measuring 
the supply of water to the boiler, so as to aecurc accuracy in 
A results. 
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The furnace with which the trials were made, was that ori- 
ginally attheCasUe Silk-Mills. The boiler, which was cyUodri- 
cal, with egg-shaped ends, was 1 8 feet long, and 3^ indiaraeter, 
with the flues of the furnace passing around it. It stood in an 
open shed, with 2^ feet of its upper surface to the length of 
171- feet exposed. The steam-pipe conveying the steam to 
the eugioe was 2^ inches in diameter, and lapped with a 
single ply of rope. Tho furnace was of the ordinary con- 
struction, the bars being 5 feet 2 inches in length, and in all 
2 feet in breadth. The height of the water in the boiler 
was ascertained by a two-way cock, the distance between the 
extremities of the pipes being 3 inches. The water supplied 
to the boiler was taken from a tank, through which the waste 
steam of the engine was generally passed, and by which the 
temperature was raised, sometimes to 110 at other times to 
180. It was forced in the usual way into the boiler by a 
pump worked by tbe engine. The coal was generally sup- 
plied to the lire at regular intervals ; and to ascertain the 
quantity actually used, the fire was brought to the same state 
at the commencement and termination of the experiment. 

The steam apparatus for the consumption of smoke con- 
sisted of a tube of i-inch internal diameter taken fi-om the 
upper part of the boiler, and conveyed into the interior of the 
furnace, where it terminated by a fan-shaped distributor, by 
which the steam was projected into the upper part of the fur- 
naee, occupied by the flame and gaseous products of combus- 
tion, and consequently over and above the fuel. In using the 
Steam distributor, air is admitted either at the door, or by 
some othei- means, so as tu bring it near the distributor. In 
the trials which I carried on, it was admitted by apertuies 
in tlie door, or by keeping the door a little open. A stop-cock 
is placed on the tube connected with the distributor, to regu- 
late the supply of steam ; the necessary quantity being known 
by tbe effect produced on the smoke. When the steam is thus 
admitted, the part of the furnace occupied by tlie flame and 
gaseous products of combustion, and frequently rendered ob- 
scure by the smoke from part of the volatile inflammable in- 
gredients not being consumed, instantly presents a different 
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^ pea n m ee ; the smoke disappears; the flame becomes more 
briUiant, and the heat seems to be more intense ; at the same 
thne^ if sAioke was esei^ing at the top of the chimney it verj 
soon disappears ; the time depending on the height of the 
stalk and on the draft ; and as long as the steam continues to 
be projected from the distributor, little or no smoke is visible. 
I coneeive it is unnecessary to say more on this valuable part 
of Hie process ; it has been tvitnessed by many, who can bear 
testimony to the efficacy of steam when used in this way as a 
eenplete preyenttve of smoke from furnaces however large. 
■ I now proceed to the more important part of the process, 
I mean the effect on the evaporative power of the coal cbn- 
Stimed. The prevention of smoke, and .the consequent absence 
of soot on the sides of the boiler, would naturally lead to the 
snjqposition that a greater amount of evaporation would be 
produced, not only because that part of the fuel which other- 
wise oe eap o s as smoke is consumed, but also owing to the ab« 
setice of soot on the boiler, the transmission of heat would be 
more )rapid, and consequently being more quickly taken up, 
less of it would be lost by passing up the chimney. These 
causes must operate to a certain extent, in every instance 
wfa^re smoke is prevented ; but we shall find that the increase 
in evaporation is fiur beyond what could be accomplished by 
these alone,, as the result of the trials which I am now to state 
will shew. I consider it unnecessary to state minutely the 
details of the nui;neron8 trials I have conducted witb this pro- 
cess. I will first give the details of one which I select, because 
during its performance the most rigorous attention was paid 
to every thing that could affect the working, and it will there- 
fore shew how the trials were in general conducted. 
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The above table shews that, bj the consumpt of each lb. 
of coal, 10.75 lb. of water were evaporated from 170, Nu- 
merous other trials were made in tlie same way, with other 
kinds of Scotch coal, sometimes for the same, sometimes for a 
shorter period, and with a pressure nearly the same, but occa- 
sionally lower. The following are the results : — 



Time, In 


Fuel, In lb. 


piled tolloller. 


WfltPT cviipo- 

mted, In lb. 


rated, in lb., 
fW«cii lb. 
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The arerage of the above ten results, which includes that 
giren in the preceding table, is 11.62, firom the arerage tem- 
perature of 105 ; and supposing the water to have been at 
32, then the average result would be 10.87. Or it may be 
viewed in another way. In all the trials, 5676 lb. of coal were 
used, and 63,590 lb. of water were evaporated, and 63590 
-f- 5576 = 11.4, and reducing this from the temperature of 
106 to 32, the result would be 10.66, and again 10.66 + 
10.87 -r- 2 = 10.76 ; a result which exceeds considerably the 
highest that has, so far as I know, been put on record — I 
mean that of Henwood, which was 9.94, procured by Engliali 
caking coal, the evaporative power of which, compared to that 
of Scotch coal, is allowed to be as about 4 to 3. 

With the view of ascertaining the power of the Aimace and 
boiler, without the use of the steam apparatus, similar trials 
were made with the same coals, due attention being paid to 
' tiie diflferent circumstances already stated. On an average, I 
' found that for the consumption of each lb. of coal, the eva- 
poration amounted to 6.66, and reducing the water to 32, as 
before, the result would have been 6.17. 

These results were still farther verified by noting the con« 
sumpt of fuel, during different periods of the day when the 
furnace was in use, with and without the steam apparatus. 
The following are the results : — 
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Time. 
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Day. 
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Time. 


Period of 
Day. 


Pounds of 
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H.M. 
5 15 

5 15 

5 15 


A.M. 
P.M. 
P.M. 


812 
812 
812 


H. M. 
5 15 

5 15 

5 15 


P.M. 
A.M. 
A.M. 


560 
440 
612 


2436 


1612 



During the periods stated in the above table, the engine 
connected with the boiler was all the time doing the same 
work ; and consequently we have so far an indication of the 
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economy of fuel by the use of the steam. When tlie furnace 
was in action without the admission of steam, the fuel con- 
sumed amounted to 812 lb. in 5i hours ; and when steam n'as 
admitted, the consnmpt, for the same time, amounted on an 
average to 537 lb. Now, as the same work was done by 
the engine with the consumpt of 537 lb. of coal when the 
steam was admitted, as was done by 812 lb. without it, the 
saving by these trials amounted to 34 per cent, ; for, as 
812 : 537 : : 100 : 66, and 100 — 66 = 34. 

Considering the amount of evaporation obtained by the ap- 
plication of steam as now described, and keeping in view the 
results of the experiments which I have given, and also those 
recorded by othei-s, it is evident that the evaporative power of 
eoal is by this means greatly increased ; but tlus is done by 
an expenditure of part of the steam generated in the boiler ; 
it therefore still remains to be proved what the actual amount 
of sa\'ing is, after deducting the loss occasioned by the trans- 
mission of steam into the furnace. Diiferent processes were 
followed, with the view of ascertaining the quantity of steam 
projected into the furnace. One of these was by comparing 
the area of the apertures in the distributor \iith that of the 
Bteara-pipe leading to the engine ; bnt this was found liable to 
fallacy, owing to the difference in the escape of steam, which 
is not always in proportion to the area of the tubes or aper- 
tures through ivbich it is transmitted, and owing also to the 
escape through the safety-valve- Another method was, to 
connect a tube with that leading to the furnace, and convey 
it through a refrigeratory, so as to cause the condensation of 
the steam, which, when condensed, was collected,and its weight 
ascertmned. When this was in use, the supply of steam from 
the boiler to the furnace was cut off by means of a stop-cock, 
and the steam was then allowed to flow through tlie tube in 
the refrigeratory — the stop-cock by which the supply to the 
fomace was regulated being kept at the same degree as for- 
merly. By this mode 1 found that the quantity of condensed 
steam varied considerably. — indeed, so much so, that though 
several trials were made, the results were so discordant, that 
I could place no reliance in them. This was owing most 
likely to the flow of steam into the furnace, through the mi- 
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e apertures of the diatribntor at one time, nnd at another 
through the tube in the refrigeratorj-, being different, from the 
different conditions under which it was escaping, though the 
area of the aperture of the stop-cock was in all the trials the 
same. 1 had therefore recourse to another method. Instead 
of taking the steain ffom the boiler attached to the furnace, I 
had another smaller one erected near it, furnished with il» 
Qvm fire, and from which the pipe terminated by the distribu- 
tor was taken, and conveyed into the large furnace. This 
small additional botler was worked under a pressure of 6 lb. ; 
and to avoid any error from the escape of steam by the safety- 
valve, the superfluous steam which should have escaped 
through it was conveyed by a pipe into water, where it was 
condensed and measured. Deducting the quantity obtained' 
from it from the total quantity given off from the boiler, 
which was known by measuring the loss sustained by the- 
boiler, the quantity projected through the distributor was as- 
certained. The average of several trials performed in thia 
way, gave 4 lb. of steam for each 100 lb. evaporated from the 
boiler connected with the furnace and engine— that is, 4 per 
cent. Now, supposing this were taken from the boiler with 
which the evaporative power of the fuel was tried, when sub- 
ject to the action of the steam distributor, we must deduct ili 
from that disuharged from the boiler, and we shall then have 
the available power in practice, and consequently we shall he- 
able to ascertain whether, by this process, there is an increas- 
ed amount of evaporation, and if so, what is the saving ii^ 
fuel. 

It has been already stated, that the average atnoant of eviw- 
poratioD with the furnace subject to the influence of the- 
ateam-distributor, was 10.76, presuming the water to be sup- 
plied to the boiler at 32. Now, deducting 4 per cent, fromi 
this, the residue is 10.33. Witli the same fuel, and without^ 
the steam -distributor, the evaporation was only 6.17 — ^thn» 
giving an excess of 4.16, or a little beyond one-half more, by 
the same quantity of fuel ; consequently, to produce the same 
amount of evaporation by the common process, and by the 
use of the steam-distributor, the results shew a saving of fuel 
^baountiD^ to very nearly 40 per cent. , 
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In giving tlie above as the increased amount of evaporft- 
tlon, and consequent saving in fuel, by tlie use of steam, !■ 
wish It to be understood, that the remark applies solely to 
the results of the trials above recorded. It is not to be ex- 
pected that the same is to be got in all cases ; indeed, it has 
been the reverse, for 1 must own, that in many cases, in 
which tiie distributor has been used, there has been no saving 
in fuel, nay, in several there has actually been a waste ; more 
coal having been consumed in the same time to keep up the 
Slime amount of evaporation. Now, as it must be admitted, 
that what has been done with one furnace, should, under pro- 
per management, be done with others, it becomes of import- 
ance to ascertain what is the cause of failure in these parti- 
cular cases. In order to discover this, it is necessary to at- 
tend to the different circumstances accompanying the action 
of the steam ; and first, after the furnace is brought into good 
condition, from the moment that the steam is projected into 
the furnaee, the passage of air into the ash-pit, and fi-om it 
up through the fuel, almost entirely ceases, provided air be 
admitted by the door ; indeed the combustion may be carried 
on with the ash-pit quite closed, and hence the absolute ne- 
cessity of admitting air by the furnace-door, or otherwise, so 
that it shall be brought into contact with the fuel, and also 
with the gaseous intlammable matter evolved Arom it. The 
want of due attention to this circumstance has frerjuently 
caused a failure, not only as to the economy of fnel, hut also 
as to the prevention of smoke ; the deficiency in the .supply of 
air causing the gaseous inflammables to escape, without being 
entirely consumed. Again, by the admission of steam, the 
draft is very much increased ; indeed so much so, that where 
the chimney is tall, and consequently the draft originally is 
great, it becomes so greatly increased, that the heat gene- 
rated by the combustion is hurried otf, and time is not given 
for the water to take it up. It may naturally be supposed, 
that by lowering the damper, as is usually done, the exces- 
' )^ive draft would be checked ; but this is not the case, the posi- 
tion of the damper having little or no effect in altering the 
draft. I had recourse to several methods to obviate this dis- 
aiivantage. The lowering of the chimney no doubt w< 
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Km. a certain extent, accomplish it, hut tliiii is not attAinable. 
To 6hew, however, to what extent the cliininey may bo lower- 
ed, I may here mention, that t had an opening made in it a 
little above wiiere the Hues entered it, and then passed an 
iron plate across, so as to prevent entirely the passage of the 
gaseons products upwards ; they were of course forced out at 
the opening, and in this way I have ugaia and again worked 
the furnace, and during the whole of the time the coiubus* 
tion and consequent evaporation went on as before, as was 
shewn by the engine containing to do its work, though there 
was DO chimney in use. The method which I have found to 
answer best in checking the draft, is cooling the products in 
the chimney ; and the first means of doing this that occurred 
to me, was to make an opening near the base of the chim- 
ney, and admit cold air more or less freely, according to cir- 
cumstances. In the 6rst case in which 1 had recourse to this, 
and in which I could not succeed in keeping up steam, wlien 
the distributor was in use, from the moment that the cold air 
was admitted, the steam was easily kept up, and with the con- 
sumpt of a smaller quantity of fuel than before. There is 
still another circumstance to be attended to^; I mean the mode 
of firing. It is evident, that if the steam acts in any peculiar 
way in causing the combustion of the gaseous materials of 
the coal, the coal ought to be so thrown on the fire, that these 
materials should be evolved as near to the distributor as pos- 
sible ; henoe the necessity of pushing forward the ignited 
fuel, and then throwing the fresh coal as nearly as possible 
under the distributor, that the gaseous matter discharged by 
the gradual charring, may be brought under the action of thp 
steam and air by which it is to be consumed. When this is 
not done, it is not to be expected itiat the smoke will be pre- 
vented, far less that there shall be a saving of fuel. 

With proper attention to all of these circumstances, 1 mean 
the mode of firing, the due admission of air above the fuel, 
and the diminution of the draft, 1 believe that in most cases 
the process will be accompanied with the desired results. I 
say in most, for no doubt cases may occur, in which, chiellj 
from the difficulty of regulating the draft, there may be 
■Bving, but, on the contrary, an increased expenditure- 
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With regard to the elastic force of the steam required for 
the distributor, I may here state that I have used it at pres- 
sures varying from 3 lb. to 35 lb., and invariably with the 
same effect as to the prevention of smoke. How far the dif- 
ference in the elastic force of the steam projected into the 
fiimace affects the amount of economy of fuel I cannot say, 
as all the trials made with the view of ascertaining this were 
with high-pressure st«am. 

It has been supposed by some, that however beneficial this 
process may be as to the prevention of smoke and economy of 
fuel, it is liable to serious objections from the destruction of 
the tire-bars, owing to the want of air passing up between 
them, and also from the injury occasioned to the boiler by the 
action of the steam from the distributor. As tn the former, 
suppose it were to happen, it would be more than counter- 
balanced by the saving of fuel ; but, go far as I have seen, the 
bars are not more acted on than in other cases; indeed, 
1 would say less so ; for, as there is very little or no air pass- 
ing up from the ash-pit, the heat evolved at the bars is by no 
means so great there as it is when air is rushing up through 
the fuel. As to the boiler, the only one 1 have minutely ex- 
amined is that with which I conducted the trials, the results 
of which I have given. After being in use for about eighteen 
months, during which 1 was from time to time experimenting 
with it, I had it examined by experienced engineers, who all 
certi&ed that it had not sustained the slightest injury. 



On producing the effect of Fog in a Portable Diorama, con- 
atructed by George Tait, Esq., Advocate. Commnuicated 
by the Royal Scottish Society of Arts.* 

\m a description of a portable diorama which I exhibited to the 
Royal Scottish Society of Arts on 22d November last, I stat- 
ed that the effect of fog may be represented by painting the 
objects intended to be affected by it, on a second surface be- 
hind the first, by admitting light behind, and by gradually 
removing the surfaces from each other, or bringing them into 
contact. 

" SeoA bvtoK the Boynl ScotUsli Sockty oJ Xvxs \\x\i. X^W \^vi. j| 
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A convenient method of executingthis is to have two stretch- 
ing frames made perfectly level, to join them together at the 
bottom by a hinge of thin leather, to cover tlie faces in con- 
tact with paper, or linen, and to adapt the groove of the box 
to receive them (as well as the ordinary single frames), and 
to admit of the second frame being moved backward and 
forward at the top. This motion may be communicated by 
a thin lever passing through the bottom of the box, close to 
the side next to the exhibitor, immediately behind the second 
frame. The effect thus produced is, however, not a correct re- 
presentation of fog. 

A m<»'e simple and easy method of producing a representa- 
tion of fog, which is correct, is to use an ordinary single frame 
only, to paint the objects intended not to be affected by the 
fc^g^on the front of the frame (painting behind them also if 
necessary to produce sufficient opacity), and the rest of the 
scene on the back of it, to admit light in firont, and gradually 
either to admit light behind, by which the parts of the scene 
painted on the back will appear to emerge from the fog, or 
to exclude that light, by which they will appear to become 

involved in the fog. 

G. Tait. 

Edinbuboh, U^A April 1842. 



On British Fossil Beptiles. By Professor Owen. 

A asTROsPECTivE glauce at the catalogue of reptiles which 
formerly existed on that portion of the earth's surface consti- 
tuting the present small island of Britain, and which are now 
extinct, must call forth such novel and surprising reflections 
on the dealings of Providence with the animated beings of 
this planet, as may well lead, in the first place, to a question- 
ing of the truth of the affirmations with which the present 
summary commences. Did the numerous, strange, and gigan- 
tic representatives of the several orders of reptiles actually at 
any time live and move, and propagate their kind in the loca- 
lities where their bones are now so abundantly found 1 Are 
not these bones the relics rather of antediluvian creatures^ 
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which perisheil in the gi'cat histoi'ical catastrophe of water, 
and have been washed from latitudes suitable to their exist- 
ence to more northeru shores ? Are the British fossil Rep- 
tiles iictually extinct, and mny not some living representatives 
of the Labyriathodons, Enaliosaurs, Dinosaurs, &:c-, still remiua 
to be dt8coTert»d, in those wanner regions whore alone large 
species of reptiles are now known to exist P 

Such questions and explanations of the phenomena which 
are the subject of the present report, will be most likely to 
sujfgest themselves to those who are not conversant with the 
truths of geology, and who may never have been eye wit- 
nesses of the circumstances under which fossil bones of rep- 
tiles are found. 

In many cases, these circumstances are so opposed to any 
that can be conceived to ha\e been produced by the opera- 
lion of a snper incumbent bed of waters upon the present sur- 
face of the earth, during a period of less than one year, that 
the earliest ohservers, to whom the operations of a temporary 
geaeral deluge suggested the first explanation of the appear- 
ance of the remains of a large and strange animal, were irre- 
sistibly led to the conviction, that the conditions under which 
such fossil animal was found, Mere wholly inexplicable on the 
supposition of its carcase having been left by the retiring 
waters of a flood. Thus the good Quaker of Whitby, in his 
letter to Dr Fothergill, recounting the discovery of the ex- 
tinct species yf crocotlile that now hears his name {Teleosaiirun 
Ckapatanni), says : " The bones were covered five or six feet 
with water every full sea, and were about nine or ten yai'ds 
from the cliff, which is nearly perpendicular, and about sixty 
yards high, and is continually wearing away by the sea wash- 
ing against it ; and, if I may judge by what has happened in 
my own memory, it rauj-t have extended beyond these bones 
less than a century ago. There ai'e several regular strata, or 
layers of stone, of some yards thickness, that run along the 
cliff nearly parallel to the liorizon and to one another. ( 
mention this to obviate an objection, that this animal raay 
have been upon the surface, and in a series of years may have 
sunk down to where it lay, which will now appear impnosible. 
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at lenst wlien tlie stones, &e. have liad tlicir present consist- 
ence.'"* 

It must be obvious, indeed, that the regulai- succession of 
horixontul layers—" beginning from the top, of earth, clay, 
tnarble, stones, botti hard and soft, of various thicknesses, till 
it comes down to the black slate or alum rock,"t —mounting 
to the height of near 200 feet above the petrified skeleton, 
could not have been the result of the deposit of a temporary 
overflow by diluvial waters continuing for a tew months, sup- 
posing even those waters to have been thickly charged with 
the ruined surface of the old earth. Succession of strata, as 
of all other phenomena, must take place in successive periods 
of time ; the hundredth layer of lias, counting downv^ards, 
which contained the skeleton of the strange crocodile, must 
onee have been tlie uppermost ; and some time must have 
elapsed between the deposition of that stratum with its orga- 
nized contents, and the deposition of the succeeding layer 
above. 

If the fossilized bones of the animals described in the pre- 
sent memoir had been drifted to this island by a flood, they 
would be found mingled together in the superficial strata 
usually termed " diluvial," and would characterize no parti- 
cular formation or locality. But the reverse of this is the 
fsct ; and it is tlie cumulative evidence of the limitation of 
certain genera to particular formations, that gives its chief 
value to tbe present class of researches- 

In tbe most superficial fossiliferous deposits, which indicate 
the last operation of a body of water, eitbei- fro^fen or fluid, 
upon the surface of tbe British islands, no remains of reptiles 
have come under my observation. Cuvier alludes to a single 
hone of a crocodile said to have been found associated ivith 
tbe usual fossils of the drift or diluvium at Brentford ;t but 
no other evidence of any other species or genus of reptile, 
which is now confined to warmer regions of tbe globe, has 
yet been recognised in tbe British strata called diluvial, or in 
any that are more recent than tbe oldest tertiary formations. 



*" PLiloBOpiiical Trnns act ions, 1750, p< S88. 
; Di Buuklund hiu iiugg«sIod to me thnt tliis 
Kitf thi> dny bcncnlli tW ili]u>-iiini. 



t Ibid, p. 789. 
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In these eocene beds, fic cumulated in some localities to tlie 
tbickneiis of 300 feet and upwards, the remains of crocodiles, 
tortoises, trionyxes, turtles, and large serpents, are nnore oi- 
less common. These fossils severally exhibit iveli-markeil 
and unequivocal specific differences when compared with the 
bones of tbeii- known existing congeners ; hut their osteology 
does not present any modifications of generic value. The 
nearest approach to this degree of deviation occurs in flitf 
eocene chelonian reptiles, as in that species of turtle froM 
Sheppey, which combines the jaws of a trionyx with the boHy 
helmet of a turtle, and presents an extent of ossification of the" 
buckler nearly equalling that of an emys. The eocene croco- 
dile exhibits all the characters of the osseous and dental sys- 
tems which distinguish the genus as restricted in the latest 
systems of erpetology ; and ivhilst it cannot be identified with 
any known species, most resembles, not the commonest and 
nearest existing crocodile, as that of the Nile, but a rarer and 
more remote one, viz., the Crocodilug Schtegelii of Borneo. 
Not any species of reptile of the tertiary strata has been dis- 
covered in the chalk upon which those strata immediately rest. 

A small lizard, closely corresponding in vertebral structure 
with existing species, but differing in its dentition ; and a gi- 
gantic marine species {Mosasaitniii), which is the first, in Uie 
present descending survey, to offer osteological and dental 
combinations wholly unknown in existing saurian s.—consti- 
tute the representatives of the laeertian order in the creta- 
ceous beds, which form the moat recent of the secondary de- 
posits. 

In tracing upwards the extinct reptiles, we find that the 
union of tht- vertebrie by a hinder ball received into an ante- 
rior cup, a structure which, with an insignificant exception — 
the gecko — prevails throughout the saurian order as it now 
exists, commences with the laeertian reptiles which perished 
during the deposition of the chalk, and, in the crocodilian and 
ophidian reptiles, is first found in the species which made their 
ppearance dm-ing the deposition of the Loudon clay. 

Of the crocodilian order 1 have yet seen no unequivocal re- 
^i fafientatives from the 13ntish chalk. 

JUI tbe well-determined Chclonians of the cretaceous pfejjj] 
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are marine species, and are equally distinct, with the laeerr 
tians, from tliose of the super-imposed tertiary beds. 

The most interesting feet which the palaeontology of the 
cretaceous period has yielded, with reference to the great 
saurian division of the class of reptiles, is the commencement, 
or rather the last appearance of the fossil remains of an order 
of reptiles {Enaliosaurid) now altogether extinct. I have ex- 
axamined portions of the lower jaw with teeth of a large spe- 
cies of Ichthyosaurus from the lower chalk between Folkstone 
and Dover, which is very closely allied to, if not identical with, 
the Ichthyosaurus communis. The femur of a large Plesiosaur 
rus has been obtained from the chalk of Shakspeare's CliiT. 
Remains of more than one species of plesiosaurus occur in the 
gault, and are associated with the ichthyosaurus in the green- 
sand near Cambridge, and in the Kentish Rag near Maid- 
stone. 

In the green-sand also we first meet with evidences of repr 
tiles exhibiting modifications of structure, especially of the 
locomotive extremities, as remarkable and as different from 
those of existing species as are presented by the EncUiosauria^ 
but pointing as strongly to an adaptation for terrestrial life as 
does the enaliosaurian structure to aquatic existence. The 
specimen of the unquestionably terrestrial saurian here alluded 
to, viz., the Iguanodon^ is the more remarkable in the subcre- 
taceous marine strata, in consequence of its presenting the 
largest portion of the connected skeleton of the same indi- 
vidual of this species that has hitherto been found. 

Gigantic crocodilian reptiles, removed by generic modifica- 
tions of structure from the eocene and existing crocodiles, 
now likewise begin to be indicated, as by the teeth of the Po- 
lyptychodon from the green-sand quarry at Maidstone^ and 
by the large bones of the extremities from the quarries of a 
corresponding stratum at Hythe. 

The chelonian from the greensand (Chelone pulchriceps) dif- 
fers from the eocene and all existing turtles in a very interest- 
ing modification of the anatomy of the cranium. 

In the Wealden group of fresh-water strata, the Enaliosau- 
rian order continues to be represented by the Plesiosaurus^ but 
no remains of the more strictly marine genus, IcHfl^o^auYus^ 
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have yet been discovered. This circuniBtance corresponds 
with the more strict adaptation for marine existence which 
Uie structure of the Iehthyosauru» presents, and corroborates 
the inference that the Plesiosuurus lived nearer the shore, and 
B«oended estuaries. The reappearance of the Ichthyoaaurut 
in the chalk formations proves that it had continued to esist 
iu the neighbouring ocean, and indicates, perhaps, that the de- 
position of the cretaceous beds was related to the formation of 
the Wealdeu group by proximity of time as well as place. The 
terrestrial group of gigantic reptiles receives in the Wealden 
an accession of two new genera, viz., Uylaosaiirug and Mego- 
lotaurue ; and the remains of both these, and especially of 
the Iguanodon, are so abundant, that the Wealden strata may 
he regarded as the metropolis of the Dinosaurian order,* 

The amphibious crocodiles might be expected, from theii" 
known habits at the present day, to have left abundant evi- 
dences of their remains iu strata which seem to have been 
deposited at tiie estuai'v or mouth of some great river ; in a 
climate, indicated by its vegetable fossils to have been warmer 
or more equable than at present ; and during a period of time 
which permitted the accumulation of 1000 feet of strata. 
Accordingly, the crocodilian order of reptiles has been found 
to be represented by several distinct genera in the Wealden 
formations. 

Some new characters and modifications of structure might 
also have been anticipated iu those crocodiliaus which existed 
at a period antecedent to the deposition of about 1500 feet of 
cretaceous strata, which again preceded the formation of the 
whole series of superimposed tertiary and diluvial beds. 
Nevertheless, the remarkable modifications which all the 
Wealden croeodilians present in the structure of their verte- 



* Di Mantell calcuIateB that not less than sevent)' iDdiridiiBlB of the 
Igwaiodon, varying in age and mngnilude, from the youngjuHt eacaped from 
the shell to the mature animal, with a femur of more than a yard in Icngtii, 
have come under his examination ; and lie .justly obsorves that "moT« Uian 
thritw that nnmber have, m all probability, been destroyed by the workmen, 
and altogether eluded the obienation of tlie peiteontoli^al." See tiu M» 
moir in the Pliilosophital TrannactioaB, J841. 
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brK, as compared n-ith the eocene and existing crocodiles, 
could not have been anticipated ; and even now that they 
we ascertained by repeated observation, some of them still 
remain inexplicHble in relation to any conjectural habits 
of the species, or hypothetical conditions under which they 
actually existed. We may imderstand why the ball and socket 
articulation of the vertebra: of the present amphibious croco- 
fre(|uenting dry land, should be exchanged for a joint 
iving elastic substances included between two concave ar- 
lar surfaces, as ii structure better adopted to crocodiles 
more habitually living and moving in water ; but these croco- 
diles with biconcave vertebrsc are associated with others hav- 
t plano-concave vertebrae, and also with a species having 
ebrse joined by hall and socket articulations. And the 
culty is not diminished by the remarkable fact of the lat- 
structure being the reverse of that in recent crocodiles, 
tlie ball and the cup having changed places in the extinct 
Streploepond'/lus ; and having assumed the position wluch 
^^ky present in certain saiiroid tishes, and in the dorsal and 
^^Mn'ical vertebne of some of the herbivorous mammalia. 
^^^The biconcave, plano-concave, and convexo-concave modi- 
^ncations of the vertebne, are not the only points in which th« 
extinct crocodilians of the Weaiden strata differ from those of 
the I^ndon clay and from the existing species. The genus Go- 
niophoUs, for example, exhihitsaremarkabledevelopmentofits 
dermal armour, the large quadrangidar scutes of which, inter- 
locked by teeth received into depressions, are gigantic repre- 
sentations of the scales of some of the Ganoid fishes ; while 
the smaller hexagonal and pentagonal scutes* >vere articu- 
lated together by marginal sutures, as in the dermal hony 
covering of the armadillo. The Fmkilopleuron exhibits a 
medullary cavity in the body of the vcrtebrw, and a double 
ori^n of the spinoiis process, The Suehoaaunts oifers a very 
striking change in the form of the teeth. The Cefiosauritg 
surpasses all modem crocodiles in its enormous bulk, which 
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almost rivals that of the whales, its successors is the modern 
seas. The genus Streplospondi/Ias, which, in repeating the 
ball and socket structure, offers the strange anomaly of an 
anterior position of the ball and a poi^terior one of the socket, 
makes its first appearance in the Wcatden by a species which 
most have been little inferior to the Cetioaaurun in length. 

The huge terrestrial sauriaas of ihe Wealdcn deviate in so 
much greater a degree than the crocodilians from the existing 
types, as to render the formation of a distinct order for their 
reception necessary. 

It does not appear that any of the Cheloniaus of the Wcalden 
period are specifically identical with those of the chalk. A new 
and singular osculant genus, Tretonlemon, here represents the 
Trionycei of the eocene fresh water or estuary formations. A 
new species of turtle with an emydian form of shell, occurs in 
the Purbeck limestone; and the head of a turtle from the 
Portland stone, upon which the Purbeck beds immediately 
rest, exhibits the same di:itinction of the separate nasal bones 
as does the skull of the turtle from the greensand, but com- 
bined with well-marked specific dift'erences in other parts. 

The Portland stone introduces us to the gi'eat oohtic series, 
in which we lose sight of the Igaatiodon, Ilylwofaunts, Go- 
niopholu, and Suc/wsaurus, but find that the Megaloaaurus, 
PoikilopleurOH, Cctiosaunis, Streptospondylus, and Pleslo^aty- 
nw, are genera common to the Wealdeu and oolitic periods. 

Now also the genus IcMhyoeauruB, which was represented 
by a single species in the chalk epoch, astonishes us by the 
number of individuals, and the great variety of specific modi- 
fications and varieties of form and bulk, under which it exist- 
ed in the oolitic periods, especially in the older divisions of 
the oolite, as the lias. The nimiber and vai'iety of plesiosau- 
riaa reptiles are even more surprising, and the modifications 
of theh* skeleton being more marked and various, proportion- 
ally facilitate the determination of the species. The largest 
of these plesiosaurian reptiles deviates, indeed, so far from 
the tj-pical structm-e of the genus, as to merit sub-generic dis- 
tinction. This sub-genus, the Fliosaurug, characterises the 
Kimmeridge and Oxford clays, but appears not to have ex- 
isted at the period of the tower oolite. ^_ 
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In the place of the G&niopholis and Suckoeanrui^ the crocodi* 
lian genera, Steneoiourui and TehatauruB^ with the sub-genera 
JElodoHr MyttrioiauruSf Maetwpondj/hu^ &e. (separated, per* 
ha{^ without sufficient reason, from the &st two typical 
genera of amphicoelian crocodiles), make their appearance in 
the oolitic strata, especially in the lower divisions. The long 
and narrow snouts, sharp and slender teeth, short fore-limbs, 
and imbricated scutation of these extinct crocodilians, attest, 
with their vertebral structure, their adaptation to an aquatic 
life, and to the capture of a prey not more highly organized 
than fishes. 

Some small species of crocodilians and laeertians have 
left a few bones of their extremities in the oolitic slate of 
Stonesfield ; and a most singular order of reptiles now makes 
its appearance, the skeleton of which exhibits a modification 
of the lacertian type of structure closely analogous to that by 
virtue of which the mammalian bat is endowed with the 
powers of flight. The flying dragons, called Pterodactyli^ 
were of small size, and are restricted, like the Teleosauri and 
Steneomuri^ to the oolitic group. All the other genera are 
continued into the Wealden, — ^the Folkilopleuron and Megalo' 
MuruSj by identical species, — the other genera by species 
which are distinct from those of tbe oolite. The Pleriosaurus 
and Ichthyosaurus^ existed, as we have seen, as late as the de« 
position of the chalk. The analogy between the extinct rep- 
tiles and fishes, in regard to the great proportion of genera 
which are common to the Wealden and oolite, and the small 
proportion which is continued into the cretaceous formations, 
offers a valuable corroboration of the subordinate character 
of the Wealden group as a member of the great oolitic series. 

No species or genus of saurian, represented by fossils from 
the oolite, has yet been discovered in older or lower strata in 
the British Islands. The Bysosteus is apparently confined to 
the bone bed under the lias, which may be regarded as the 
oldest member of the oolitic series in these islands. 

The reptiles of the Foikilitic strata exhibit deviations from 
the typical structure of the recent families, together with oscu- 
lant characters joining groups now distinct, as great and even 
more anomalous than occur in any of the preceding extinct 
genera. 
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The RhyncAoBaHfut of the new red-sandstone near Shrews- 
bury manifests ornithic and chelonian modificatioos, grafted 
upon an essentially lacertian type of cranial atrueture ; no 
npproach even to the form of its extraordinary head being a 
made by any other of the extinct members of the saurian 
order. The vertebra? of the RhyHchomnrtis differ from thosB 
of existing lizards, chelonlans. and birds, and combine the bi- 
coneave structure with the oblique processes and costal arti- 
culations of the vertebrte of recent lizards. 

The I^bjTinthodonta of the same formation exhibit a dif- 
ferent but an equally remarkable combination of chamcteTB, 
crocodilian modiUcations being superinduced upon a funda- 
mental organization of the Batrachian type. The structure 
of the teeth in this remarkable family, which is the most ooia- 
plex that has hitherto been met with in the whole animal 
kingdom, is unique in the class of reptiles, and is but partial- 
ly and comparatively feebly repeated in that of fishes. It is 
highly probable that the modificatioufi of the locomotive extre* 
mities were as pcculiai* as the dental character, if we may 
judge from the foot-prints of the so-called Cheirotberium, to 
which the Lab}Tinthodonts alone have at present an equitable 
claim. 

Finally, the Palaiosaunis, and other genera of the magne- 
sian conglomerate, like the so-called monitors of Thuringia, 
are lizards, which combined a thecodont type of dentition with 
biconcave vertebrte, having the superadded peculiarity of a 
series of ventricose excavations in the bodies of the vertebrte 
for the spinal chord, instead of a cylindrical canal. 

Below the new red sandstone system, notwithstanding that 
the older deposits, as the coal measures, have been more 
thoroughly explored by man than any other geological forma- 
tion, no trace of a vertebrate animal more highly organized 
than a fish has been detected. 

From this survey it is evident, that many races of extinct 
reptiles have succeeded each other as inhabitants of the por- 
tion of the earth now forming Great Britain ; their abundant 
remains, through strata of inunensc thickness, shew that they 
existed in great numbers, and probably for many succes^ve 
generations. Their coprolites prove, that they fed upon or- 
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Used beings coexisting with them, and characterising the 

B streita, but now equally extinct with their devourers, 
Tu what natural or secondary cause, it may then be asked, 
I nn the successive genera and species of reptiles be attributed ! 
Does the hypothesis of the transmutation of species, by m 
u'ch of development occasioning a progressive ascent in the 
organic scale, afford any explanation of these surprising pheno- 
mena? Do the speculations of Maillet, I.ainarc-k, and Geof- 
frey, derive any support, or meet with any additional disproof, 
from the facts already determined in the reptilian department 
of palreontology i 

A slight survey of organic remains may, indeed, appear to 
support their views of the origin of animated species : but of no 
stream of science is it more necessary, than of palreontology, 
" to drink deep or taste not."* 

Of all vertebrated animals, the reptiles form the class whidi 
is least fixed in its characters, and is most transitional in its 
range of modifications ; the lowest organized species are hardly 
distinguishable from fishes, and the highest manifest so great 
^^n advance in all the important systems of their organism, that 
^Hktui'alists are not yet agreed as to whether reptiles ought to 
^Hknain in one class or form two. Reptiles are, besides, the 
^^nly class of vertebrate animals in which certain species un- 
dergo, after birth, a metamorphosis as singular and extreme 
as in insects. 

If the progressive development of animal organization ever 
extended beyond the acquisition of the mature characters of 



' The fuUowing: are the latest terms in vhitli the triLnsmutaliou tlieory 
illbBenpromulgatcil, os supported hvpalrponlology:— ''The life of un (mail 
KtbitB A eontinned seriea of changee, which oecup; so short a period, th«l 
^ con generally trace (heir entire order of aucccHsion, and pcrceivi! the 
e chanf^e of Itieir metamorphoses. But the mctAiuurphoses of species 
slowly witli regard to ua, that wo can neither perceive their ori- 
h, their maturity, nor their decay ; and we aseribo to thetn a kind of perpe- 
tuity on the earth. A slight inspection of the oignnic relics deposited in the 
crust of llie globe, shews that tlio forms of species, and the whole Eoology of 
our pianct, have been constaotly changii^ ; and that the organic kingdonia, 
liltG the onrfaee they inhabit, have been gradually developed from a simpler 
Blatelolheirpreseftt cMdiliou." Dr Grant's Loctuict on Co mpara^Te Ana- 
tomy .^Lnirn/^ 1836, p. lOOJ. 
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the individual, so as to abrogate fixity of species by a trans- 
miitatioD of a lower into a higher orgauization, some evidence 
of it ought surely to be obtained from an extensive and deep 
survey of that class of auirpals which, whilst intermediate in 
organization between fishes and mammals, prevailed most on 
the earth during the long periods that intervened between the 
time when the only vertebrate animals were fibihes, and the 
tertiary and modern epochs, when mammals have become 
abundant, and have almost superseded reptiles in the herbi- 
vorous and carnivorous departments of the economy of nature. 

In accordance with this not unreasonable expectation, the 
reptiles of the magnesian conglomerate and new red sandstone 
ought to have been organized according to the type of the 
most fish-like perennibranchiate Batrachians j and the fishes of 
the older strata, if they tended to a higher stage of develop- 
ment, ought, upon achieving the passage to the reptiJian class, 
to have entered it at its lowest step. 

It is true, indeed, that the most characteristic reptilian re- 
mains of the new red sandstone do belongesaentially, asbytheii' 
double occipital condyle, their vomerine palate bonesand teeth, 
&c., totheBatrachian order; but had the Labyrinthodonts now 
existed, instead of ranking as the lowest members of that 
order, they would most unquestionably have been esteemed the 
highest ; and, as in the existing diversified order of Batrachia, 
one family* represents fishes, a secondt serpents, a third ge- 
nus J Cheloniaus, and a fourth 5 lizards ; so would the now lost 
Labyrinthodonts have formed batrachian representatives of 
the highest order of reptiles, viz. the crocodilians. Here, there- 
fore, we find the batrachian making its first appearance un- 
der its higliest, instead of its lowest or simplest conditions of 
structure. To use the figurative language of the transmuta- 
tion theory, the Labyrinthodonts are degraded crocodiles, not 
elevated fishes. 

But the hj-pothetical derivation of reptiles from metamor- 
phosed fishes is more directly negatived by the fact, that the 
batrachian type is not that under which reptiles make their first 
appearance inthcstrata whichsuceeed the coal measures.— The 
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monitors of the Thuringian ZecliBtein are older than the la- 
byrinthodonts of the Keuper ; and among British reptiles^ the 
thecodont lizards of the magnesian conglomerate have equal 
claims to a more ancient origin. 

The questions, which the unbiased collector of evidence 
bearing upon the fixity or mutability of species has next to 
resolve respecting these primeval lizards, are, whether they 
appeared under the form of the low organized species, which 
one naturalist classes with Sauria, another with OpJUdia, or 
whether they exhibit indications of having emerged, by pro- 
gressive development of structure, from any lower organized 
pre-existing group of cold-blooded animals! To these inquiries 
the palaeontologist must reply, that the thecodont lizards of 
the zechstein and magnesian conglomerates combine well or- 
ganized extremities, with teeth implanted in distinct sockets, 
instead of being soldered, as in frogs, to a simple alveolar pa- 
rapet ; and that, therefore, if they existed at the present day, 
they would take rank at the head of the Lacertian order, and 
not among the families most nearly allied to the inferior rep- 
tiles. Neither are the modifications of the skeleton of the 
Rhynchosaur, from the new red sandstone, such as indicated 
that singular lacertian to have been derived from the Ophidi- 
.an or Batrachian orders ; but, on the contrary, they connect 
it more closely than any known recent species mth Chelonia 
nnd birds. 

The nearest approximation to the organization of fishes is 
made by the iehthyosaurusy an extinct genusj which appears 
to have been introduced into the ancient seas, subsequent to 
the deposition of the strata inclosing the remains of the theco- 
dont lizards. The ichthyic characters of this genus of marine 
saurians are not of a very important kind, being limited, like 
the modifications of the mammalian type in whales, to a rela- 
tionship with locomotion in water, while all the modifications 
of the skeleton which are connected with the respiratory, di- 
gestive, or generative functions, are conformable with the 
highest or saurian type of reptiles ; such as the cranial ana- 
tomy, the large size of the intermaxillary bones excepted ; the 
dental structure, which corresponds with that of the posterior 
teeth in alligators ; the articulation of the neurapophyses to 
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the bodies of tlie vei-tebrte ; the complicated pectoral ardt i 
the sternum, and complete abdominal cincture of ribs," Ste. 
The circle of numerous imbricated sclerotic bones reaches its 
maximum of development in the ichlhj/otauru;/ ; but this is an 
exaggeration of a structure feebly shadowed forth in some 
existing aaiu-ians, and more strongly shewn in birds, rather 
than a repetition of the simple bony sclerotic cup in fishes. 
By no known forms of fossil animabt can we diminish the wids 
interval which divides the most sauroid of fishes from an icA- 
tbi/oiatirut. 

This most extraordinary reptile is a singular compound, in 
which ichthyic, cetacean, and ornithic characters are engrafted 
upon an essentially saurian typo of structure. The ichlhyo- 
taurua is, therefore, just such a form of animal as might be 
expected, were specific forms unstable, to demonstrate a mu- 
tation of characters, or some tendency towards a progressive 
development into a higher and more consistent type of organ. 
ization. Nor is the field for testing the transmutation theory 
less ample than the subject is favourable. We have the im- 
portunity of tracing the ichthi/osauri, generation after genera- 
tion, through the whole of the immense series of strata which 
intervene between the new red sandstone and tlie tertiary de- 
posits. Not only, however, is the generic type strictly ad- 
hered to, but the very species, which made its first abrupt 
appearance in the lowest of the oolitic series, maintains its 
characters unchanged and recognizable in the highest of the 
secondary strata. In the chalk formations, for example, the 
genus ichthyosaurus quits the stage of existence as suddenly 
as it entered in the lias, and with every appreciable osteologi- 
gical character unchanged. 

Of the different species of the ichthyosaurus, founded upon 
minor modifications of the skeleton, several appear contempo- 
raneously in the strata where the genns is first introduced ; 
and those which remain the longest manifest as little change 
of specific as generic characters. There is no evidence what- 
ever that one species has succeeded, or been tlie result of the 

* This structure proves tlial the mode of generation of the idiihyetaums 
must have renembled that of the crocodile, and not that of the balmcbiMW 
ov fi-hcB. 
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transmutation of a former species. The tenuirostral icktky^ 
oiouruM existed at the same time, and under the same exter- 
nal influences, as the stronger and shorter jawed Ichlhyosau" 
rus communis ; just as the tenuirostral Deiphinus Gangeiicus 
eo*exist8 at present with the short-jawed porpoise. 

If the relative periods of existence of the different Enalio^ 
saurian reptiles were not well ascertained, and room were 
allowed for conjecture as to their successive appearance on 
this planet, it would be as easy as seductive to speculate on 
the metamorphoses by which their organic frame-work, influ- 
enced by varying conditions, during a lapse of ages, might 
liave been gradually modified, so as to have successively de- 
veloped itself from an ichthyosaur to a plestosaur, and thence 
to a crocodile. 

We may readily conceive, for example, the fish-like charac- 
ters of tlie vertebral column of the ichthyosaurus to have been 
obliterated by a filling up of the intervertebral cavities 
through ossification of the intermediate elastic tissue, and the 
plesiosaurian type of vertebra to be thus acquired. The nor- 
mal digits of the fin might be supposed to become strengthen- 
ed and elongated by more frequent reptation on dry lan<1, 
and thus to cause an atrophy of the supernumerary fingers ; 
phalanges of a more saurian figure might have been produced 
by the confluence of a certain number of digital ossicles ; the 
head might be shortened by a stunted growth of the intermax- 
illary bones, and thus be reduced to plesiosaurian proportions. 
The teeth might become more firmly fixed by the shooting of 
bony walls across their interspaces, as in the young crocodiles. 
If we now elongate the bodies of the vertebrae, reduce some 
twenty pairs of anterior ribs to hatchet bones, place the fore- 
paddles at a corresponding distance from the head, and the 
hind-paddles proportionally nearer the end of the tail, little 
more will be required to complete the transmutation of the 
ichthyosaur into the plesiosaur. 

If next, in adaptation to a gradual change of surrounding 
circumstances, the jaws of the Plesiosaur became lengthened 
to the proportions of those of the tenuirostral Ichthyosaur, but 
at the expense of maxillary, instead of the intermaxillary bones, 
preserving the socketed implantation of the teeth ; if, to ba« 
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lance the elongatiou of the jaws, the neck at the same tiini> 
ahnink to nearly its former Ichthyosaurian proportions, with 
some slight modifications of the Plesiosaurian type of the ver- 
tcbnc ; if a further development and a more complete sepa- 
ration of the digits of the fore and hind members were to take I 
place, so that they might serve for creeping as well as swim- 1 
ining; if the exposure of the surface to two different media, \ 
and of the entire animal to perils of land as well as of sea, 
were to be followed by the ossification of certain parts of the 
skin, and the acquisition, by this change, of a dermal armour, 
auch we might conceive to be the leading steps in the trana. 
mutation of the Pleaioaaur into the Teleosaur. 

And if the three forms of extinct Sauriaiis, whose changes of 
special' and generic have thus been speculated on, had actually 
succeeded each other in strata successively superimposed in the 
order in which they havehere been hypotheticaliy derived from 
one another, some colour of probability might attach itself to i 
this hypothesis, and there would be ground for searching more ! 
closely into the anatomical and physiological possibilities of ' 
such transmutations. Ichlh^oaaurut, Pleuosaurug, and Teleo- 
mitrua are, however, genera which appeared contemporaneous- 
ly on the stage of vital existence ; one neither preceded nor 
came after the other. How the transmutation theory is to 
be reconciled to these facts is not obvious ; nor to these others, 
viz. that the Teleosaur ceases with the oolite, while the Ich- 
thyosaur and Plesiosaur continue to coexist to the deposition 
of the chalk, and disappear together alike unchanged ; the 
Ichthyosaur manifesting as little tendency to develope itself 
into a Plesiosaur, as this to degrade itself into the more fish- 
like modification of the Enaliosaurian type. 

If it were urged that the Slrpptospondylun, or crocodile with 
ball and socket vertebrae, of which the remains occur in later 
secondary strata, when the Teleosaur had ceased to exist, 
might be a modification of the apparently extinct Amphicte- 
lian crocodile, in which the vertebra; Iiad undergone a pro- 
gressive development, analogous to that by which the bicon- 
cave joints of the vertebra? of the tadpole are actually con- 
verted into the ball and socket joints of those of the mature 
froff. the facts of both geologj- and anatomy again oppgw 
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tiieniselYes to such an hypothesis ; for the remains of the Strep^ 
tospondylus occur likewise in the Whitby lias, which is the 
earliest formation characterized by remains of the Teleosau- 
YXi& ; and the modifications of the vertebral structure, by which 
the StreptospondyluB differs from its ancient contemporary, 
and which it retains unaltered throughout the whole series of 
oolitic strata, is no approximation to the ball and socket struc- 
ture of modern crocodiles, which first appears in the MoMsaU' 
ru9 and the Eocene crocodiles, but is the very reverse. As 
reasonably might we infer that the Teleosaur was an inter- 
mediate form between the Streptospondylus and modern cro- 
codiles, and that the anterior ball had first subsided, and a sub« 
biconcave type of vertebrae had been produced before the pos- 
terior ball, which characterizes the vertebrae of recent croco- 
diles, was finally developed^ 

If the present species of animals had resulted from progres- 
sive development and transmutation of former species, each 
class ought now to present its typical characters under their 
highest recognized conditions of organization ; but the review 
of the cbtracters of fossil reptiles, taken in the present Report, 
proves tb&t this is not the case. 

No reptile now exists which combines a complicated and 
thecodont dentition with limbs so proportionally large and 
strong, having such well-developed marrow bones, and sus- 
taining the weight of the trunk by synchondrosis or anchy- 
losis to so long and complicated a sacrum, as in the order Du 
no$auria. 

The Megalosaurs and Iguanodons, rejoicing in these unde- 
niably most perfect modifications of the reptilian type, attained 
the greatest bulk, and must have played the most conspicuous 
parts, in their respective characters as devourers of animals 
and feeders upon vegetables, that thia earth has ever witnessed 
in oviparous and cold-blooded creatures. They were as supe- 
rior in organization and in bulk to the crocodiles that preceded 
them as to those which came after them. 

There is not the slightest ground for affirming that the pro- 
coelian Gavial of the present day is in any respect more high- 
ly (organized than the opisthocoelian Gavial of the oldest lias. 
If the differences of vertebral structure \u t\y^^^ qxq^^Va9^% 
vot, xxxm. NO. txr. — jvhii 1842. "s 
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were conti-iisted, in reference to their relative fliiproxiniation 
to the vertebral stnicture of the higher animals, the resem- 
blance of the ball and socket joints of the spine of the Strep- 
tospondyhis to those of certain mammals woald give prece- 
dence in organic perfection to the primeval Gavial. 

If, therefm-e, the extinct species, in which the reptilian or- 
ganization culminated, were on the march of development to 
a higher type, the Me^alegaitrus ought to have given origin to 
the carnivorous mammalia, and the herbivorous should have 
been derived from the Tguanodon. But where is the trace of 
snch mammalia in the strata immediately succeeding those in 
■which we lose sight of the relies of the great Dinosaarian rep- 
tile« 1 Or where, indeed, can any mammiferous animal be 
pointed out whose organization can, by any ingenuity or li- 
cence of conjecture, be {lerived without violation of all known 
anatomical ami physiological principles, from transmutation 
or progressive development of the highest reptiles. 

If something more than a slight inspection be bestowetl 
upon the organic relics deposited in the crust of the globe, we 
learn that the introduction of the mammalia on that crust is 
independent of the appearance of the highest forms of reptiles. 
The small insectivorous mammals of the lower oolite" are 
contemporary with the most ancient Dinosaur, and are ante- 
rior to the Jifuanodon. 

The period when the class of reptiles flourished under the 
widest modifications, in the greatest number and of the highest 
grade of organi/.ation, is past ; and, since the extinction of the 
Dinosnurian order, it has been declining. The reptilia are now 
in great part superseded by higher classes : Fterodactyles have 
given way to birds ; Megalosaurs and Iguanodons to carnivo- 
rous and herbivorous mammalia; but the sudden extinction 
of the one, and the abrupt appearance of the other, are alike 
inexplicable on any known natural causes or analogies. 

New species, genera, and families of reptiles have constai 



* Foi: the proof of tlio uftcn doubti>tl iiiammalian cUai'ui^tci'of tlicTbykco- 
IherhiTn and PhBEcololberium of the Stoneafiold slate, the reader is rEferred 
to the inemoira in die sixth volttine of (he setond seriPS of the Oeoloj 
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|cccf>i)(Ml CAoh other since tlip earliest periods in which thcl 
mains of this class can be discerned ; but the change 1 
leu, upon the whole, from the complicated to the simple- 1 
The Batrachiaa order, which is fir&t indicated hy the lai^ a 
powerful crocodiloid Labyrinthodonta, has dwindled down 
the diminutive and defenceless Anourans and the tish-like \ 
Perennibranchians. The Saurian order was anciently repre- 
sented by reptiles manifesting the crocodilian gjade of orga- 
nization, under a rich variety of mod iticat ions and with great 
development of bulk and power ; it has now subsided into a 
swarm of smalt Lacertians, headed by so few examples of the 
higher or loricate species, that it is no marrel such relics of a 
3 predominating group should have found a humble place J 
it LisnKus-s catalogue of nature as co-ordinate members of I 
e genus Laeerta. \ 

Nevertheless, some general analogies may be traced between 
the phenomena of the succession of reptiles as a class, and 
those observed in the development of an individual reptile 
from the ovum. Thus the enibryonit- structure of the verte- 
brie of the existing crocodiles accords with the biconcave type ; 
^_^d this is exchanged, in the development of the individual as 
^Hi| the succession of species, for the ball and socket stractuN l 
^^b the latest condition. 

^^H The almost universal prevalence of the more or less bieon- 
^^■nre structure of the vertebree of the earlier reptile^i, thus esta- 
^Hriiehes a most interesting analogy between them and the 
^^Mrlier stages of growth of existing reptiles. 

A similar analogy has been pointed out by M. Agasslz, be- I 
tween the heterocercal fishes, which exclusively prevail in the ' 
oldest fossiliferous strata, and the embryos of existing homo- 
cereal fishes, which seem to pass through the heterocercal 
stage. The superior number of loricate reptiles, and the more 
complete development of the dermal armour in the crocodilian 
genera Steneosaiiru*, Teleotaurus, Gonhphalit, fcc, of the 
oolitic and Wealden strata, corresponds with the prevalence of 
the well-mailed Ganoid order of fishes in the same formaticuis. 
The fossil reptiles, like the fossil fishes, approximate nearest 
^to existing species in the tertiary deposits, and differ from 
^Hlbem moHf widely in .strata whose antiquity \ft \v\^\i«5t. -J 
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\nt a single gpOL'ios of fossi! reptile now lives on the pre- 
sent surface of the globe. 

The charactprs of modern genera eannot be applied to ajiy 
>pecies of fossil reptile in strata lower than the tertiary fbr- 
matione. 

. No reptile, with vertebrae articulated like those of existing 
species, has been discovered below the chalt. 

Some doubt may be entertained as to whether the lehthyo- 
tauriis communis did not leave its remains in both oolitic and 
cretaceous formations ; but, with this exception, no single 
species of fossil reptile has yet been found that is common to 
any two great geological fonuations. 

The evidence acquired by the researches which are detailed 
in the body of this Report, permits of no other conclusion than 
that the different species of reptiles were suddenly introduced 
upon the earth's surface, although it demonstrates a certain 
systematic regularity in the order of their appearance. Upon 
the whole, they make a progressive approach to the organiza- 
tion of the existing species, yet not by an uninterrupted suc- 
cession of approximating steps. Neither is the progression one 
of ascent, for the reptiles have not begun by the perenni- 
branchiate type of organization, by which, at the present day. 
they most closely approach fishes ; nor have they terminated 
at the opposite extreme, viz. at the Dinosaui-ian order, where 
we know that the reptilian type of structure made the nearest 
approach to mammals. 

Thus, though a general progression may be discerned, the 
inteiTuptions and fault*, to use a geological phrase, negatiAC 
the notion that the progression has been the result of self- 
dovelopmg energies adequate to a transmutation of specific 
characters ; but, on the contrary, support the conclusion that 
the modifications of osteological atnicture which characterize 
the extinct reptiles, weve originally impressed upon them at 
their creation, and have been neither derived from impiove- 
ment of a lower, nor lost by progressive development into a 
higher type. 

The general progi-essive approximation of the animal king- 
dom to its present condition has been, doubtless, accompanied 
by a corresponding progress of the inorganic wovld ■, and tl 
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the differences which comparative anatomy demonstrates to 
have existed between the vertebrated inhabitants of the se- 
condary epochs of the geological history of the earth, and the 
tertiary and present periods, form legitimate grounds for spe- 
culation, not only on the essential nature and causes of those 
differences, but upon the progressive changes to which our 
planet and its atmosphere may have been subject. For, whe- 
ther there had been grounds foe regarding the organic pheno- 
mena of primeval times as earlier stages in the progressive 
development and transmutation of species, or whether, as the 
closest investigation of these phenomena seems to demonstrate, 
they have been the result of expressly created and successively 
introduced species, — they naturally lead the physiologist to 
speculate on the varying conditions of the surrounding media 
to which such organic differences may have related. 

Now, reptiles mainly and essentially differ from birds and 
mammals in the less active performance of the respiratory 
function, and in a lower and simpler structure of the lungs 
and heart, whereby they become, so to say, less dependent on 
the atmosphere or oxygen for existence. From their extra- 
ordinary prevalence in the secondary periods, under varied 
modifications of size and structure, severally adapting them to 
the performance of those tasks in the economy of organic na* 
ture which are now assigned to the warm-blooded and quick- 
breathing classes, the physiologist is led to conjecture that the 
atmosphere had not undergone those changes, which the con- 
solidation and concentration of certain of its elements in sub- 
sequent additions to the earth's crust may have occasioned, 
during the long lapse of ages during which the extinction of 
so large a proportion of the reptilian class took place. And 
if the chemist, by wide and extended views of his science in 
relation to geology and mineralogy, should demonstrate, as 
the botanist, from considerations of the peculiar features of 
the extinct Flora, has been led to suspect, that the atmosphere 
of this globe formerly contained more carbon and less oxygen 
than at present, then the anatomist might, a priori^ have con- 
eluded that the highest classes of animals suited to the respira- 
tion of such a medium must have been the cold-blopded fisbe^l 
and reptiles. 
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And, besides tlie probability of such a condition of tbe zoo- 
logical series being connected with the chemical modifications 
of the air, the terrestrial reptiles, from the inferior energy of 
their muscular contractions, and still more from the greater 
irritability of the fibres, and power of continuinf^ their actions, 
would constitute the highest organized species, best adapted 
to exist under greater atmospheric pressure than operates on 
the surface of the earth at the present time. 

Through such a medium, approaching in a corresponding de- 
gree to the physical properties of water, a cold-blooded animal 
might even rise above the surface and wing its heavy flight, 
since this would demand less energetic muscular actions than 
are now requisite for such a kind of locomotion ; and thus wc 
may conceive why tlie atmosphere of our planet, during the ear- 
lier oolitic periods, may have been traversed by creatures of no 
higher organization than Saurians. If we may presume to 
conjecture that atmospheric pressure has been diminished by 
a change in the composition as well as by a diminution of the 
general mass of the air, the beautiful adaptation of the struc- 
ture of birds to a medium thus rendered both lighter and more 
invigorating, by the abstraction of carbon and an increase of 
oxygen, must be appreciable by every physiologist. And it is 
not without interest to observe, that the period when such a 
change would be thus indicated by the first appearance of birds 
in the Wealden strata,* is likewise characterized by the pre- 
valence of those dinosaurian reptiles which in structure most 



* Poot-printB alone, like tiioEU termed " OrnitLiclmites," observed in tho 
new ted sandstone of Connecticut, me insnfiicient to support tbe inference 
of thepoasesaionof the highl; developed oignnization of a bird of flight b/ the 
oreatores wbicli have left thecn. The HhynchoBaur and biped Pterodoctyles 
already vara, ns how closely the Ornithic type may be approached without 
the essential characturu of the Saurian being lost. By the Chirotberian Icli- 
nolites we leam how closely an animal, in all probability a Batracbian, may 
resemble a pedinianous mammal in tbe form of its foot-prints. 

The degree in which flying insects can resist noxious gases, which wonld 
be quickly fatal to the warm-blooded vertebrates, invalidates the objection to 
a, piogreneive change of atmosphere having accompanied the prevalence of 
quick breathing animals, which might be siig^'catcd bv tbe LMIi'lix of iLe 
likt uid by the «oUtic beetle;. 
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nearly approach mammalia, and which, in all probability, from 
their correspondence with crocodiles in the anatomy of the 
thorax, enjoyed a circulation as complete as that of the croco- 
dile when breathing freely on dry land.^ 

The first indications of the warm-blooded classes, it might 
be anticipated, would appear, if introduced into the reptilian 
era, under the form of such small insectivorous mammals, as 
are known at the present day to have a lower amount of re- 
spiration than the rest of the class ; and the earliest discovered 
remains of mammalia, as for example, those in the Stonesfield 
oolite, are actually the jaws of such species, with which are 
combined the characters of that order, Marsupialia, which is 
most nearly related to the oviparous vertebrata. 

The present speculations are, however, offered with all due 
diffidence ; the collection of the evidence requisite for pursu- 
ing them to a semblance even of demonstration is only just 
begun, and they are thrown out with no other expectation of 
utility than as incentives to the chemical consideration of the 
nature and possibilities of such atmospheric changes as may 
be physiologically connected with the variations of organic na- 
ture made known by the researches of the anatomist. A too 
cautious observer would, perhaps, have shrunk from such spe- 
culations, although legitimately suggesting themselves from the 
necessary relations between the organs and media of respira- 

^^1 ■ _ I M ^M— I^ I MM X|_ .1 tJM- , I I I ^ — - - ,-^^- -^ 

« AH existiQg reptiles, which have the ribs at the anterior part of the 
thorax united by a head and tubercle to the centrum and neurapophysit of 
the vertebra, have a heart with two distinct ventricles, as well as two auri- 
cles. The contiguous aortse arising from the two ventricles intercommunicate 
by an aperture so placed as to be covered by the sigmoid valves when blood 
is transmitted equally through them. When the amphibious crocodile suf- 
fers an interruption in the pulmonary circulation by continued submersion, 
the aorta from the left ventricle, by the communication above mentioned, 
receives venous blood from the overcharged cavities of the right side of the 
heart; but when respiration is in full vigour on dry land, an undiluted 
stream of arterial blood is transmitted through the left aorta to the head 
and anterior extremities. The Dinosaurs, having the same thoracic struc- 
ture as the crocodiles, may be concluded to have possessed a four-chambered 
heart ; and, from their superior adaptation to terrestrial life, to have enjoyed 
the function of such a highly organized centre of circulation, in a degree 
more nearly approaching that which now charftCteiiies the waETO-bleeded 
vertebrata. 
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tion; but the sincere anJ ardent searcher art«r truth, in ex- 
ploring the dark regions of the (Jast, must feel himself bound 
to speak of whatever a ray from the intellectual torch may 
reach, even though the features of the object should be hut 
dimly revealed. — Fli/moufli British ^xsoeiation Beporf. p. 191. 
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On the Influence of Mountains on Temperature in the Winter 
in certain parts of the Northern Hemisphere. By Mr 
Hopkins. 

It was slated by Jlr Hopkins, at Ihe PlyDQoulh Jltut'iDg of llie BritS 
AsEOciation, that between tlic ktitudes of 40° aod 70° north, there is,^ 
the same pamllelSj a great difference of temperature, particularly ii 
winter, amounting, in some cases, to as inncli (w 40° or even 50° of Fu 
renheit. The western coasts of the two continents are mueli w 
the eajtero, and the winds generally blow from the sea to I 
coasts; and it lias been inferred that the prerailing winds passing' o' 
eea to the western coasts, and over land to the eastern, was the c. 
the difference [q the temperature. This inference is not, however, 
cordancc with facts, as the low temperature is not proportional t 
(Matancc from the western coast. Throughout this part of the northcn 
hemisphere, it i'' found that climate has certain relations to the elevatU 
of land, not simply arising out of the elevation of that pact of the e. 
EUiface above the general level, but out of the influence which the cleifl 
tion exercises ou the atmosphere. (Here a diagram was exhibited, illfl 
(rating Hadley's theory of the atmospheric currents.) This theory if 
presents the tropical atmosphere as rJEiug and Sowing over at the top i| 
wards the polar regions, and returning wlien cooled, flowing along o 
surface of the earth. This inequality of temperature in the atmospher 
would cause an upper current to flow north, and an under current to flow 
south. But the unequal velocities of the different parts of the earth's 
surface, from the equator to the pole, modify the course of these cur- 
rents, and make the upper a soutli-west, and the lower a north-east 
current, as shewn by lines on a Mercator's chiirt. This theory, true 
in its leading principles, does not account for what occurs on the earth's 
surface, because it does not take in all the camta that are in operation 
which causes materially modify the general results. The polar c 
in flowing from the north-eaatern part towards the south-v 
with elevations of the hind, and is, consequently, along a diagonal stripe 
in the direction of the general currents, ob/itruclcd in its progress, and 
sometimes stopped, and obliged lo turn buck, as an upper current, to- 
wards the pole j while beyond the obstruction, nearer to the cquotor, th; 
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tropical tjn upper currenty not beiDg met by a polar current along thin 
line> flows towards the obstruction^ from whence it returns partially 
cooled as an under current. The consequence is, that along such a 
stripe^ the great atmospherical currents, instead of proceeding from the 
equator to the pole and back again, go on the north side from the pole 
to the obstruction, and back to the pole ; while on the south side, the 
flow is from the equator towards the obstruction, and back again to- 
wards the equator, leaving the obstruction a dividing line mairking great 
difference of climate in the winter season. 

In the New World a ridge of mountains extends from Mexico by the 
Rocky Mountains, some of which are stated to be 25,000 feet high, to the 
Frozen Ocean. This ridge crosses the diagonal line of the great atmo- 
spherical currents, and constitutes such an obstruction as that described. 
In the Old World, a number of similar ridges extend from the southern 
point of the Himalaya Mountains to the Swiss Alps, including the range 
of the Himalaya, Hindoo Koosh, Central Asia, Armenia^ Circassia, the 
Carpathian Mountains, and the lUyrian and Swiss Alps ; and the cli- 
mates found to the north-east of these chains are materially different 
from those which exist to the south-west. The greatest difference in 
climate in those parts is found in the beginning of winter, and is, it is 
presumed, caused by the different quantities of atmospheric steam con- 
densed in the respective parts. In the tropical seas, a quantity of steam 
exists in the atmosphere sufficient to give a dew point of 80°, making the 
steam l-48th part of the whole atmosphere. This steam, if all condensed 
into water, would give a depth of about nine inches. The steam is re- 
gularly carried, in the autumn and the beginning of the winter, when the 
northern hemisphere is cooled down, from the tropical regions in a north- 
east direction towards the polar regions, or towards some obstructing 
elevation of the hmd, and is to a great extent condensed ; and it is to the 
condensation of this steam that we are to look for the great difference of 
winter climate in the same latitudes of the northern hemisphere. The 
steam in the tropical regions of the Pacific Ocean that flows towards the 
north-east, with the south and south-west winds that prevail in those 
parts, is carried to the American ridge, and is there condensed. The re- 
sult is, that the south-west side of this chain of mountains is wet and 
warm in the winter, from the tropics to Nootka Sound, and still farther 
north. Captain Cook, Lewis and Clarke, Captain B. Hall, and Hum- 
boldt, describe the climate of this part in such way as can leave no 
doubt of the fact. But beyond this ridge, to the north-east, we have a 
different climate in the winter, it being as remarkable for being cold. and 
dry, as the other side is for being wet and warm. Captain Parry, Captain 
Back, and Lewis and Clarke, represent the country in the winter, from 
the shores of the Frozen Sea to the Missouri, as very cold, and generally 
dry. Here we trace the effect of the condensation of steam, and of its 
absence, on the climates of the different parts. In the Old World the 
s»me causes produce the same effects. On the soutli-yre^X &\d^^ q1 \\v.*^ 
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viuious ridg«a of mouutuns, tlm weather ia in the autumn and early part 
of winter very wet and warm for the latitude!. This is porticulailj seen 
in HindoEtan and the south-vresC coast of Italy ; vrhile to the north-east 
of llici^e mountains the climate is cold and dry, extending over Poland, 
Hussia, C'enttsi Asia, and Siberia. The very heavy ruins which bll to 
the south of the Himalaya Mounlains indicate the great condeDsation of 
steam that takes pluce in that part of the world ; and the effect produced 
00 the climate is rcmatlcable. The valleys are habitable to a gceat eleva- 
tion, and Major Archer states, that wheat is grown at a height of 13,000 
feet, in lat. 32° oortli ; whilst Humboldt represents 1300 feet as the 
gjCDtCst height at which whcftt can be grown in Teneiilfe, a place 1° mora 
south. But when the steam that is in the atmosphere is all, or neaily 
all, eondenscd agaiuat the sittea of elevated ridges, it is evident that it 

it carry its vrarmiiig iofluenco farther north. Ilence the part oftliv 
globe between these ridges and the polar regions will, in autumn and 

er, be ilry and very cold. In order to reason on the causes of the 
diOerenco of winter climates Id these latitudes, let it be supposed that the 
present Asiatic mountains were reuiovtd further north — say to Northern 
Siberia. Then, as there would be no longer elevated land to inleroept 
and condense the steam, where it is now condensed, it would flow far- 
ther north, towards Siberia, and be there condensed, and it would render 
that country, now so dry and cold in the winter, wet and warm. ITw 
British Islands are now made warm in the autumn and the beginning ef 

ir by the steam that is brought from the tropical regions. Eutnp- 
posB a lofty ridge of mountains to extend from the Canary Islands to New 
Yorit, and the effect would be, that the steam now brought north to mote 
than 50° of latitude, would be condensed 10° to 15" mote south, and the 
British Islands would be as cold in the winter as the same latitudes are 
at present in Asia and America. That the relative situations of land and 
water are not the cause of the great difference of climate, may be shewn 
by supposing on alteration in certain parts of the earth's surface. Were 
central Asia to become sea instead of land, that circumstance would not 
prevent the present mountains from condensing the tropicalsteam, as they 
now do, and consequently would not prevent that degree of cold and 
dryness which results from the interception of that steam In tliose parts, 
though tiiey would bo theu aea instead of land. In likemanncr, suppose 
a belt of low level land to extend from Spain across to Davis' Straits, 
which ie now sea ; and it will be perceived that this pari, being land in- 
stead of sea, would not. in the summer and autumn, prevent the tropical 
steam from flowing to the British islands. It would not bo until winter 
had cooled down this supposedland below the temperature of the present 
sea, that any greater condensation of tropical steam would take place 
south of the British islands. From these various considerations, we arc 
warranted in coming to the' conclusion that the great diflereoce in 
the winter climates of certain parts of the northern hemisphere, is att ri- 
hntablt to elevations of land intercepting and condenelDg atmo(p|H^^| 
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ttataf and thus rendexing those puts wet and warm^ while^ eatting oil* 
the toppl^ from more northern parts^ leaves those parts dry and eold. — 
Hkmmum, No. 720, page 624. 



Bepori on the Bude Light. By Andrew Ure, M.D., F.R.S. 

From the Report of a Committee of the House of Commons, it ap- 
pears that this light is so called from Bude, in Cornwall, the residence of 
its inventor, Mr Gumey — a name hestowed upon it at the Trinity House, 
to distinguish it from the ignited lime light which he first described in lii^ 
work on chemistry in the year 1823. 

The Bude light originally consisted of an oil argand flame, having a 
stream of oxygen thrown up over its internal surface, which produced a 
very vivid illumination. It was found, however, after having been used 
for some time in lighting the House of Commons, that oil lamps thus fed 
with vital air were expensive and difficult to regulate. 

• Mr Gumey then tried to illuminate the House with naphthalized coal- 
gas^ in argand burners, similarly supplied with oxygen ; and though this 
produced a light of sufficient intensity, he encountered a formidable ob- 
stacle to its continuance from the deposition of liquid naphtha in the tubes 
of distribution. He next happily discovered a method of obtaining, from 
ordinary coal-gas, purified in a simple apparatus of his own, and burned 
with oxygen derived from the atmosphere^ an efiulgence adequate to 
every purpose of internal and external illumination^ which is now used iu 
the House of Commons with perfect success, and at a cost of only twelve 
shillings per nighty whereas that of the candles previously used there 
amounted to six pounds eleven shillings per night. 

This new Bude light possesses the following advantages over all other 
kinds of artificial illumination hitherto displayed. 

Ji^ret. — ^It gives as much light as the best argand gas flames, with only 
one half the expenditure of gas. This very remarkable fact was estab- 
lished by experiments carefully conducted with the same standard wax 
candles which I employed for comparison prior to my examination be- 
fore the late committee appointed to ascertain the best mode of lighting 
the House of Commons. A common argand gas flame was found to emit 
a light equal to ten such candles (three to the pound) ; and a Bude 
burner, called No. 10, gave a light equal to 94.7 of the candles. Thus, 
the Bude flame had nearly ten times the illuminating power of the gas 
aigand flame ; while, by means of an accurate gas-metre, the former was 
ascertained to consume only 4.4 times the quantity of gas consumed by 
the latter, demonstrating the economy of the Bude light over common 
gas to be greater than two to one ; and this economy increases in propor- 
tion to tho magnitude of the light The source of this surprising supe- 
riority may be obsexred by compuing the two flames; th« W^« qC U\j^ 
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urgaud giis flaiiiu u of n blue tint for fouiteen-autteeuths uf uji inch, a 
apace in vbicli ttie goa bums Tcitli intense Iicnt, but little or no lig'bt; 
whereas the base of die Bude flame acquicea a dazzling whiteness a[ three- 
sixteenths of .in ioch from tlie metal. Tlius we sec, that, through a Tsnge 
of eteveii-Biiteenths of an inch, the coniinou gas argand flame is wafted 
in pioduciug tlie Duisanee of heat witliout light. 

Secondly. — From the phenomena just noticed, aa also from the circinn- 
stance of the Bude flame emittbg a double light with a single volume of 
gas, when compared with the gas argand, it is manifest that tUu formn, 
in equal degree, can disengage at the Ulmnst only half the heat that the 
lattct does. 

Thirdly.— "the Bude light simplifies greatly the means of artificial illii- 
miDatiou, since it concentrates in one flame as much light as will diffuse, 
throughout a large apartment, n mid-day lustre, wbieh may be softened 
by shades of every hue, and reflected by mirrors in every direction. 

Fourthly, — From tliis property proceeds its value as a ventilator, sioco 
the single tube which carries off the burned gases serves to draw out also ' 
the effluvia from a crowded chamber. 

From all these facts, I am of opinion that Mr Gumey's new Bude light 
is a most meritorious invention in reference to both public and private 
buildings, as it removes altogether the objections hitherto justly urged 
against the use of the highly hydrogenous gaa of the London compao'iM 
in dvfelling-houaes, namely, that its heat is great jn proportion to its lightt 
when compared with Ibemore highly curburetted gases of Edinburgh and 
Glasgow. 

The time must therefore be now at hand when the great economy and 
ConTenience of lighting private houses with gas will be experiencetl V 
the inhabitants of the metropolis, as they have been for such a considerable 
lirae by those of every town of importance in Scotland. 

Tliat the tame quantity of coal-gas may be made to produce a doubI« 
amount of illumination in MrGumey'spnlcnt burner to that oblainedfrom 
it in an ordinary argand, will appear to many a paradoxical, if not a 
doubtful, proposition. Of its reality, however, I am fully convinced, and 
I think the fact may be accounted foe in the following way : — 

Light, in general, is proportional to the intensity of ignition, a truth 
well exemplified in the effect of the oxy-hydrogeu flame upon a bit of 
lime or clay. On the same principle, when the flames of two candles are 
brought into close contact, they afford a compound light eonsiderahlv 
greater than tlie sum of their separate lights. Now, Mr Gumey's burner 
gives such a compound flame, It consists of two or more concentric cy- 
linders of flame, mutually enhancing each other's temperature, just as in 
Fresnel's polycyclo oil argand lamps used iji the French lighthouses. 

In additiou to the augmented intensity of ignition, we must also take 
into account the peculiar nature of the combustion of carburetted hydro- 
gen gaa, whether as generated from cob! in a retort, or from oil in a lamp. 
due lo VlicsepaiaUoiVTOaftM vattictes, 
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md' subsequent ignition of its carbon. Pure hydrogen^ when burned, 
afibids a very feeble light ; and whenever so much air is mixed with coal- 
gas as is su£Scient to consume all its carbon simultaneously with its hy* 
drogen, it bums with a dim blue flame. Now^ in the base of a common 
atgand flame^ an excess of cold atmospheric oxygen is allowed to act 
upon tbe coal gas in the vacant spaces between the pin-holes^ whereby 
the temperature being greatly lowered^ while the carbon is consumed in 
the gaseous state^ the light from these two causes is nearly null. It is 
not till the gaseous mixture rises and forms a continuous hot cylinder, 
without interstitial streams of air, that it emits a white light from the 
ignited particles of the carbon precipitated in the interior of the flame. 

In If r Gumey's concentric series^ the prejudicial excess of atmospheric 
air is prevented^ and only so much permitted to come into contact with 
the gas, as will efiect the due separation and ignition of its carbon^ even 
at the origin of the flame. 

To these two causes conjoined^ viz. the increased intensity of ignition, 
and tihe limited supply of oxygen, it is that the new Bude flame owes its 
economy of illumination. The efiect of oxygen in excess, is elegantly 
demonstrated by throwing up a stream of it within a gas argand flame, 
tot the light is thus nearly annihilated, while the heat is prodigiously 
augmented. 

As regards the specification of the patent for this improved mode of light- 
ing, which I have carefully examined, I have no hesitation in declaring it, 
ill my opinion, to be valid and unimpeachable.^ 77^6 Ltnidon Journal 
and Beperiory ofArU, Science*, and Manufactures, No. CXXV.^ p. 292. 

Bemarks on the Climate of Egypt, By M. Joseph Russegger, 

Austrian Councillor of Mines. 

Seasons, — ^I^ower Egypt, lying between the 30th and 31st 
degrees of latitude, belongs, in so far as regards the yearly 
periodical sequence of the seasons, to the system of Southern 
Europe, but of course presents those modifications which are 
peculiar to warmer climates. Thus, Lower Egypt has its 
summer and its winter at the time of our own, only with this 
difference, that the latter is a period of rain, which occurs 
during our winter months. Spring and autumn almost entirely 
disappear in warm climates, and there those delightful tran- 
sitions fi'om winter to summer, and vice versa, which we enjoy 
in the more temperate zones, are unknown. In tropical coun- 
tries there is nothing but summer, viz. a summer which is 
entirely dry, and one during which it rains more or less. 
These rains continue there during half the year •, whereas in 
Egypt, as in a northern winter, they are confvtve^L \.o «i ie\< 
Mamths. Ofeom-se they do not give rise to t\\at mtvW^-^\^^Y 
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of the organic creation, especially of plants, wliicli eliaracteriBW 
our northern winter, but rather raise the whole vegetable 
kingdom to the highest pitch of its vital tl<;velopmeiit, and to 
the fullest expansioa of beauty. Thus Egypt is, in fact, never 
more attractive than at the period when nature it^ with m 
covered with snow and ice. This alternation of the two prin- 
cipal seasons of the year, the summer and winter, represented 
by the dry period of the year and the rainy, is, hoivever, in tbe 
order in which we have them in Europe, peculiar to the coast 
region of Northern Africa ; and there begins in Egypt, sooth 
of the 30th degree of latitude, that remarkable aone which 
extends to the 18th degree, therefore over 12 degrees, M>d 
which, owing to the rare atmospherical precipitations of water 
that occur within its limits, I term the zone of little rain (^ 
tegen-arme zone). Within the limits of this zone is placed the 
African region of deserts, which, where the tropical rains 
begin (which ritins, to the north of the Equator, fall during oar 
summer), vi/. to the south of the 18th degree, again g^ves 
place to the Savannah-region, to those districts so remarkable 
for their fertility on the banks of the great rivers.* 

We not unfrequently find it boldly asserted in the accounts 
given by travellers of the climate of Lower Egypt, that it does 
not rain at Cairo, This statement is mitrue, and is one fw 
which science has to thank the presumptuous conclusions 
formed by the ignorant or the credulous. In Egypt and Nubia 
there is no district devoid of rain — at least for the natural 
philosopher ; the peasants, it is true, not satisfied with a few 
drops, judge otherwise, and their ideas require much correc- 
tion to bring them to the truth. There are, however, districts 
where it rains very rai'ely, and, even among these, Cairo, with 
its vicinity, is not to be reckoned, for year after year stonna 
take place there during our winter months, which rarely pass 
away without rain. Just as the years 1761 and 17(32, in which 
Niebuhr made his observations at Cairo,t undoubtedly belong 

* See my Eeaay on the Ueteoiology and Climate of tliu Afrjcnn TropicBl 
Re^on in Dr llolgei's Ztittchrxfl f&t Phjiih wid vgnuioidlt Wissauchaften, 
vi>]. vi, part 2. Vienna, 1040 ; and Contributions to the Pbyaiognomy and 
Orography of the African IVopical B^on in Leonliard's Jalirbndi, lUO. 
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to those which are remarkable for the quantity of atniosphe- 
rieal precipitations, and onght, therefore, to be included among 
the exceptions ; so, on the other hand, there are years when 
these precipitations are particularly rare, and which, there- 
ftHre, are also to be regarded as exceptions. We cannot 
employ either extreme as a guide to enable us to deduce 
tiie mean yearly quantity of rain, and conclusions exclusively 
confined to the one or the other are hence incorrect. The 
yearly quantities of rain increase by gradations southwards 
from Cairo towards the tropic, although, however, in the vici- 
nity of the great river, that is, in the actual valley of the Nile, 
the rain is mcHre observed than in the deserts on the two sides 
of the stream. Northwards from Cairo, on the other hand, 
the phenomena of the true littoral climate extend not only 
oyer the Delta, but likewise eastwards and westwards into the 
deserts, where Ehrenberg, Hemprich, and General Minntoli, 
suffered not a little from violent rains during their journey to 
the oasis of Jupiter Ammon.* At an earlier period, this cli- 
mate, which now belongs to Lower Egypt as a littoral region, 
would seem to have stretched more to the south ; for we find 
in Upper Egypt, as well in the valleys of the Arabian as of the 
Libyan mountains, that is, of the mountains eastwards and 
westwards of the Nile, the most evident traces of violent falls 
of rain, viz. many dried up beds of torrents, which, as appears 
from the boulders transported by them, and from the consider- 
able ravines which they have furrowed, must have been deep 
and powerful. 

Barometer, — The conclusion derived from horary observa- 
tions of the barometer is, that in Egypt, as in every place 
where I have been able to make observations in Africa and 
Asia, the pressure of the atmosphere attains twice a-day a 
maximum and twice a-day a minimum. The maxima occur 
at 10 A.M. and 10 p.m., the minima between 4 and 5 p.m. and 
a little before sunrise, corresponding with the minimum of 
the daily temperature. Although the differences of the ex- 
tremes at night are sometimes very small, always much smaller 



* Journey to Uie Temple of Jupiter Ammon in the Libyan desert, by 
BanMo van JGantoIi, Berlin, 1824 ; and Travels in Egypt,lA\s^ai,^\0&\ai,^^'\ 
Ihu^oia, by ffempncb aud Ehrenberg. 1. vol. l.pavt, Bex\m,W». 
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tliati tliose of the day, vet tlie case occurs hut rarely of thair 
being imperceptible to sharp observation aod with first-rate 
instruments. 

Temperature. — The daily temperature of Lower Egypt pre- 
sents only two extremes, one maximum and one minimum ; the 
former of which occmi, between 2 and 3 p.m., and the latter 
a short time before the rising of the sun. Egypt is nmong the 
hottest of those countries of the globe which lie without the 
tropics, but this applies properly only to Upper Egypt ; for 
Lower Egj'pt, as a littoral tract, is too much exposed to the , 
cooling action of the sea-breeze not to have a diminished te«* I 
perature. In Alexandria and on the Delta tlie temperature ] 
rarely attains 30" R. (99.5 F.) ; but in Cairo, which is not 
exposed to the sea-hreeze, and has deserts on botli sides, the 
temperature is much higher, and often attains 30° R. and above 
it, in the complete shade of a perfectly opaque body. The 
mean temperature of Lower Egypt is between 17" and 18^ R. 
(70''.2 — 72'.5 F). As at nightfall the wind is generally from 
the north, the nights are perceptibly cool in comparison with 
the temperatnre of the day, and there arise differences between 
the temperature of the day and that of the night of from 10" 
to 12° R. (22°. 6 to 27° F.), which, it is trne, are inconsider- 
able when compared with the differences of temperature of 
night and day in the equatorial regions of Africa, but are verj' 
great in comparison to the same phenomena in Europe. Daring 
a prevalence of north winds, and the greatly diminished tem- 
perature which accompanies them, and after a deposition of 
dew, which appeal's more especially when tlie wind is north, 
it often happens, particularly on the extensive plains of the 
desert, that the thin covering of moisture which lies on the 
surface in the morning becomes frozen, and thus we have 
in a very simple way the phenomenon of the formation of 
ice in the deserts of Africa. If in such a case the temperature 
of the atmosphere be not so low as that a freezing of the dew 
sliould be directly produced by it, yet this takes place in con- 
sequence of the diminution of temperature in the liquid layer 
and in the immediately adjoining air itself, and of the rapid 
evaporation which results from the sudden change of the strata 
T, caused by the prevalUnp ivottb wmd ; and thus wf 
1 formation of ice, not onXj- m XVc icse^Vs, lA^^^V, 
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but even, though more rarely, in the deserts of the interior rf ' 
Africa. 

As the temperature is lowered by the north wind on tbe 
one hand, so, on the other, it la raised by the south wind, to 
which latter tA&o, in respect of its direction, the Chanuin be- 
longs. This elevation of temperature is not inconsidernbte. 
and amotmts to several degrees of Reaumur, so that the ther- 
mometer rises at Cairo to considerably above 30^ R. (99''. 5 
F.) ; but it is not so great as some have asserted, at least in 
southern latitudes, where I observed the Chamsiti wind long 
and carefully, and where the phenomenon is more powerfully 
displayed than in Hgypt. Sometimes the south winds of 
Egypt lower the temperature just like the north winds, and 
this takes place when early and very violent periodical rains 
tiecur in the tropical regions. 

In reference to the observations on the temperature of the 
air in the shade and in tlie sun, wliich I made at Cairo and 
Alexandria in the month of April, I have drawn up tables* in 
which are also introducitd the direction of the wind, the na- 
ture of the clouds, and the state of the weather. These tables 
do not give ns the laws of the daily range of temperature, as 
they want observations at the time of the minimum, and afford 
too few terms for accurate calculation. Observations free from 
these deficiencies were made by me during a siibseijuent resi- 
dence in Egypt, and will afterwards enable us to determine 
these laws. The tables, however, of which I now speak, shew 
na pretty nearly the maximum of the daily temperature, and 
its fall on both sides towards the period of minimum. 

The highest temperature observed in the shade at Cairo in 
the month of April was 2T.Z R. (93°.4 F.), and in the sua 
3r.8 R. (103.6 ¥.) ; the lowest in the shade 14M R. (about 
64° F.), and in the sun 19° R. (74°.7 F.) ; the differences ob- 
served, therefore, = 13',2 R. (about 29°.4 F.}, and 12'.8 R. 
(about 28°.9 F.) These differences, however, are not those of 
the extremes, as we want the observations on the minimum. 

In Alexandria the highest temperature observed in the 
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Bbade in the month of AprU was 20' R. (77° F.), and in the 
sun 28^2 R. (95^4 F.j ; the lowest in tlie sh.-ide 14°^ B. 
(about 64° F.), and in the sun 23' R. (83°.7 F.) ; and therefore 
the differences = 5^7 R. (ahout 13° F.). and 5°.2 R. (ahout 
11°.7 F.) ; therefore much smaller than at Cairo, which acci- 
dentally harmonizes with tho law according to which these 
differences increase as we approach the equator, while the dif- 
ferences of the extremes of the pressure of the atmosphere 
diminish. 

If we take the mean of all the observations in the shade, 
ahout three hours after the minimum, we have. 

For Cairo, For Alexandria, 

16°.7 R. (69°.6 F.) 16^9 R. (70= F.) ; 

ftnd in the same way the mean of all tlie observations &t2 
e. K., at the time of the maximum, we have. 

For Ciiiro, For Alpxandrii, 

23°.l R. (ahout 84" F.J IS ,5 R (73°.6 F.) 

therefore tlie differences are 

For Cairo, For A.le3uuidriit, 

6°.4 R. (U^4 F.) l°.fi R (3'.6 F,) 

The mean of the means of the two series of observations 
made at the same hour for April are thus : .^U 

For Cuiro, For Alexandria, '^^H 

19°.9 R, (76°.7 F.) 17°.7 R. 7P.8 p:?^ 

If we consider the observations made on temperature in Lower 
Egypt during a whole year, we find that the months of July 
and August are those which present the highest elevation of 
the thermometer, and the month of February that which is 
cbaracterisied by the lowest temperature. ITiis is an jurange- 
ment of temperature which reminds us completely of Europe. 
Niebuhr observed the lowest temperature in Cairo in Feb- 
ruary in the morning, and it was 42' F. ; and the highest in 
June and July, when it was 101° F. ; the first having been 
during a south wind, and the second during a north wind. 
Tlie difference of these extremes is 59° F., being the ran^ of 
temperature in a period of eight or ten months ; the mean of 
" these extremes is 71°. 5 F., which approaches nearly the mean 
tenipi:rature Hssigned to Lower £gypt> 
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From Niebulir's whole observations we find that the a 
metical mean of tlie yearly averages of the two extremes sa 
W.S'i R. (about 72° F,), which corresponds nearly with the 
ftrithmetical mean of the whole observations, viz., 17". 26 R. 
{70°.7 F.) We have, then, these two numbers, but especially J 
the first, viz., 72' F., which may be reganled as the mean tern* 1 
perattire of Cairo. 

Winds. — In Lower Egypt, during tlie whole year, the wind 
blows from the N. N.E. and NW., with a little interruption of 
E. and W. winds; and it is only in the months of April and 
May that south winds occur. In the tropical regions, agaiiii _ 
in 15° lat, the north winds blow nearly six months, y'vt., dur- | 
ing a portion of November, aud in December, January, Fi'b* 
roary, and March ; whereas, during the rest of the year, south 
winds blow almost onintermptedly, which advance towards the 
north firom the equator along with the southern tropical rains. 
C^amain and Simuin rcindn. — The Ckamsin* occurs during 
the period of the south winds, that is, in the months of April 
aund May. This wind has its name from Chamsin, which means 
ty, from the Arabians asserting that it blows repeatedly, ez- 
iively during a period of fifty days. It is frequently con- 
founded with the £a>»um, from which, however, itisessentiallj 
distinct. The Chamsin is a periodical, yearly recurring wind, 
which always comes from the south and south-east, more rarely 
aa the south-west ; and its cause and its whole phenomena 
ar to beof electrical origin. TheSamum,ontheotherhand, 
an ordinary storm from the desert, which has no fixed period 
occurrence, and has no particular direction, but comes from 
ttirely opposite quarters. It is rendered formidable by its 
X, by its violence as a storm, and by the quantity of saad 
dnst it brings along with it. The danger which is 
ibined with the Chamsin is quite of a different descrip- 
from that of a hot storm carrying sand with it ; frequently 
is not at all a storm. Its alarming feature is an action pe- 
liar to itself, which operates in a positively hurtful way on the 
ly, and which probably depends on an extraordinary accumu- 
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ktion of eloetrieity in the air. If the Samum" be viol^it, it is, 
as a wind of the deserts, really perilous for caravans, bscause, 
passing over the burning sand, it becomes intensely heated, 
to sucli a degree as to be almost unbearable, and also from 
the masses of sand and dust which it transports along with 
it, and heaps up into hills. Animals are rendered wild, and 
throw off their burdens ; while men lose their presence of 
mind, and, just as happens in violent snow-storms on high 
mountains, becoming exhausted, sink under the contest with 
the heat, the sand, and the storm. The chamsin is rarely a 
storm of long duration, and its most violent period is soon 
over ; but the atmosphere remains for a long time extremely 
hot, so that in the shade the temperature reaches 40° B. 
(122'' P.), though I myself have never seen it above 38° R. 
(117°. 5 F.) ; the air is filled with extremely fine sand and 
dust, which penetrate everywhere, and against which no 
covering, no window, affords protection ; breathing is ren- 
dered difficult ; the blood flows to tlie head, and individuals 
of a full habit of body, or whose nervous system is affected 
and weakened, are in danger of dying from apoplexy. Such 
eases, however, are not of frequent occurrence, and are rarer 
than is generally asserted. Chamsins generally follow op- 
pressive heats, and the air is always unusually dry. 

Far towards the horizon, and chiefly in the south-east, 
there appear thick black clouds, to which fire-red clouds suc- 
ceed, and form a mass with the first, exactly like the burning 
clouds rising from the conflagration of a large town. A 
dingy reddish-yellow light spreads itself widely, an oppressive 
heat is experienced, a calm prevails, a painful silence per- 
vades the whole of nature, and men as well as animals seek 
shelter. A dull hollow sound is heard, the clouds rolling on- 
wards arrive, and in a moment the storm takes place ; every- 
thing is enveloped in a sea of sand and dust, against which 
shelter scarcely affords protection, In Egypt, these chamsins 
generally terminate without a fall of rain, but this is not the 

* Somuin 1e perhaps a Turkisli cortupLi&n or the Arabian word Semen, 
poison, by which word the Arabians also oftcTi dosignnte the action of tin' 
Chamsin, whence probably the frequent confounding of the two woidii, 
SaniiiiD and Chnmsiu. 
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case in incnre sonthem latitades ; and there all the phenomena 
of this kind of wind are mor^ distinctly and characteristically 
exhibited. I had frequent opportunities of observing the 
whole course of the chamsins in the deserts of Southern 
Nubia, and in the immeasurable grassy plains of Kordofaii 
and the White River ; but upon this subject I shall speak 
more in detail in a subsequent part of my travels. I now 
merely repeat, that the chamsin has nothing at all in common 
"with the ordinary winds which owe their origin to the dis- 
turbance of the equilibrium of the strata of the air, caused by 

* purely mechanical means ; but that it is entirely an electrical 
' wind, as well in its origin as in its whole course.* 

Inundations of the Nile^ and Vegetation, — 1 have already 
remarked, that the climate of Lower Egypt belongs to the 
type of Southern Europe, only with those modifications which 
are peculiar to warmer zones. We have, as there, on the 
coasts, the violent winter storms from the north, and especially 
from the north-west ; storms at the periods of the Equinox; 
rain in the months of November, December, and January ; 
frequently at Alexandria, more rarely at Cairo, and almost 
exclusively after thunder-storms^ With this exception, the 
sky is nearly always clear and bright, the air during the day 
dry, and at night moist ; so that during the summer months 
th^re is much dew every morning. Except during the win- 
ter months, it I'ains rarely in Alexandria, and for the most 
part not at all at Cairo. The rising of the Nile is merely a 
consequence of the tropical rainy period, and that not merely 
in so far as regai'ds Abyssinia, but also in so far as relates to 
all the countries which send their waters to the river district 
of the Nile, and its two great branches, the Blue and the 
White Rivers. Neither the melting of the snow, nor the fall- 
ing of it on the high mountains of Abyssinia, comes here into 

* consideration, for the snow is of no consequence whatever, 
and its operation on the height of the Nile one of those 
illusions called forth by absurd hypotheses, which one person 
after another repeats, sometimes during whole centuries, with 

* See my Memoir on the Climate of the Tropical Kegioas of Africa, al- 
teadj quoted. 
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all the accompaniments of pedantry. Whoever has witnesMil 
one or several rainy periods of the ioterior of the tropical re- 
gions of Africa, can v»ry well understand their influence on 
the rising of tlie river. In Lower Egypt, the rise of the Nile 
is first observed in the month of June, and in the month of 
September the river reaches its highest level. At tliat time 
its broad bed is entirely full, and the neighbouring banks ore 
here and there covered with water. The country, however, has 
by no means the aspect of a large late, for the water is every- 
where restrained by dykes, and extends only in canals, so that the 
communication for foot passengers and horsemen between vil- 
lages and towns is rarely cut otT. At the end of September, the 
river begins to fall, and in October and November tlie cultiva- 
tion is commenced of the portions of ground which had been 
irrigated by water admitted from the canals. The fruitful- 
ness of the soil, caused by this flooding and artificial irrigation, 
is not only comparable to that of the most fortunate countries 
of the globe, but even surpasses the greater number of them. 
It is, however, confined to that portion which the river itself 
has created, and over which it yearly distributes the bleesings 
of its floods ; all the rest of the country is a deseit. In the 
months of October and November, when the water of the Nile 
has retired and deposited its mud, the first sowing of grain 
takes place, and the crops are reaped so early as February and 
March. In April grain crops are sown for the second time, 
and the harvest arrives before the succeeding rise of the river, 
In the intervening period the harvest occurs of the December 
and January grains of other fields. After the inundation the 
sowing of cotton takes place. After three yearSj although the 
plant lives and is productive for a longer period, the cotton 
seed is renewed, and it is always the practice to have perfectly 
fresh and strong plants. The irrigation of the cotton is en- 
tirely artificial, for the plants must not be exposed to the in- 
undation. This irrigation takes place in winter at intervals 
of from. 12 to 14 days, and in summer at intervals of 8 days. 
The plant is productive the first year, and the harvest occurs 
in the month of July, from which time till winter it is con- 
tinued. The produce of a healthy plant amounts to two 
pounds yearly. At the time of the first solving of grain ip 
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^Hllgypt the fruits of various trees are ripe. In January a 
l^^town beans, lapinee, and flax, which are gatherpd in the 6v$kM 
part of summer. In February the rice is sown, whose harv< 
h&ppens in September, in which month also the orange, lemoM,^ 
and olive-trees yield their fruit. In January the sugar caneklJ 
«nt in Egypt In May, grapes, tigs, and Carob-beans ripeiK I 
Clover is cut three times in the year. Thus, in this rich n 
countiy, there is no month in which nature does not produce 
flowers and fruit*. What could not such a eoimtry become in 
the bands of a wise government, one which would truly and 
judiciously promote the industry and welfare of the people! 
What prosperity might be developed, and at present what 
misery prevails ! The climate of Lower -Egypt is to be re- 
garded as of the happiest description, for it favours to the ut- 
most the cultivation of all the vegetable productions of South- 
em Europe, while it admits of the growth of most of those 
belon^ng to the warm tropical regions. I think that the fol- 
lowing tabular view of the seed-time and harvest occurring in 
each month may not be uninteresting as regards the cultiva- 
tion of Lower Egypt. The data are derived partly trom my 
own observations and partly from those of other travellers." 



Febnutry, 
Much, . 
April, . 
H^. . 

July. . 

Augui-t, . 
September, 
Octobsr, 

Decemlior, 



Lupines, Besjie, Flax. 
Rice, M^c, MlUet. 
Cotton. 
GTalm. Cotton. 



, ■ ProkeBch, Erinnerungen ana Egypten. CliumpciIlion-FLgeac, Besclirei 
u Egypten, StitttgBii, IBlli Niebuhr,BL'iscbescbrcibttngnacb Am 




Hugu'-cwe (in Upper ^jpt in Jnn«)i 

Senna, Clover. 
Barley, ColB»ort, Cacumbar*, Melol 
Groins, Hut*, Millet of previoai ui- 

HtuBB, Ciovor. 

Winter Grains, Grapes, Fins, Carob- 

bean , SalTron , Dates an tar" ' ' 
SafTron, Lupines, Beans, 



' Rice, Oranges, Lemons, Tamarinitt, 
Olives. 
Rice, Meadow GrBases, PomegranalCb 
Dales, MaijiB, Millet (of February J, 

' Meadow Orassea, biossom-perlod 

. e»r'y flowers. 
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Although the soil of Egypt, wbieh is entirely mud of the 
Nile, ia thiw productive, so long rs it is cultivated and wa- 
tered, it is singidar how speedily it is converted into desert, 
whenever it is neglected by man. Salts are formed, and 
especially saltpetre; tlie rich soil becomes rapidly parched, 
and tails into dust, which becomes the eportof the winds; and 
DO vegetation takes root on the very spots which by the small- 
est care would become remarkable for their fruitftilness. (Front 
the 1st Part of Russegger's Feisen in Ettropa, Asieti, and 
Africa. 1841.) 



J£!»aj/ on ihe Glaciers and the Erratic Formation of tie Stmn o/* 
the ffJione. By Jean de Cbarpentier.* 

In science, as at table, " tarde venientibus ossa :" it is of 
consequence to a scientific man that he should not allow him- 
self to be anticipated in the publication of his researches or 
discoveries. The hook we now announce is the fruit of many 
years' labour, travel, and observation on glaciers and erratic 
deposits ; it is only the development of ideas which the author 
had summaiily promulgated in a memoir in 1834 ; it is full of 
interesting and curious facts ; but it comes in tlie train of many 
works of the same kind, which have appeared in 1840, ami, 
although the authors of these works have all scrupulously ac- 
knowleged M. de Charpentier's merits in the matter, it must 
be deficient more or less in the attractions of novelty. In the 
February number of the Bihliothcque Unitertelle de Geneve for 
1841, an account has been given of the works of MM. Godef- 
froi, Agassiz, and Rendu, on the glaciers of Switzerland and 
Savoy, and the general facts resulting from the phenomena 
presented by glaciers are noticed in sufficient detail. We 
may confine ourselves therefore, in this part of the subject, to 
a brief notice of the principal points in the liistory of glaciers, 
regarding which, M. Chai-pentier's opinion diff^ers from that of 
other geologists. The theories on the origin and development 



* Eesai Gur lea Glaciers ot eur le terraiu crratique da liaieitt da Bltont!, 
puJ.de Cbaipeotiei. Lausanne, 1841,1 vol.inSvo. 



Charpentier's Etiay on Glaciers. 
of glaciers are still matter of controversy, and tho great ijiflu- 
ence which it is now thought may be ascribed to them in all 
that relates to tlie dispersion and transportation of erratic 
blocks, gives a new interest to the examination of all the facts 
connected with them. 

According to M. de Charpentier, it never snows in fl^es on 
high mountains, on account of the dryness of the air ; but the 
vapooTG condense in such situations in transparent rounded 
grains, simitar to those we call hoar-frost. It is this which 
cuDstitutes the upper nevfi of the Alps, and which is trans- 
formed into glacier at its lower portion. The snows of the 
equatorial Cordilleras are all n^vife, and their coherence is 
BO slight, that they resemble a mass of ashes, which the wind 
carries oft' in whirls. 

In order to account for the conversion of the neve into gla- 
cial ice, M. de Charpentier maintains the same theory admitted 
by Agassiz, that is, the absorption and congelation of the rain- 
water, or that which proceeds from the melting of the nfcvfe, 
uniting and cementing the grains. This absorption of water 
takes place unequally according to the height, inclination, the 
vicinity of crevices, &c. It is during the day, in summer, that 
the inhibition of water takes place, and it is during the night 
that such water becomes congealed. The expansion of the 
ice formed, and the unequal distribution of the water in the 
glacier, cause a tension which ruptures and splits tlie whole 
mass of the glacier, and these capillary fissures extend in every 
direction, M. Agassiz ascribes the fissures to the compression 
of the bubbles of air enclosed in the ice, but M. de Cliarpen- 
tier's explanation appears the most probable. These innume- 
rable fissures render tiie glacier porous and permeable to the 
water which the heat of the following day will produce, and 
this alteiTjate freezing and melting continue throughout the 
summer. Thus we hear in glaciers during the night the 
cracking noises produced by the rupture of the ice, sounds 
sometimes so loud that they might be talten for the reports of 
^■h cannon. 

^^V M. de Charpentier does not admit that the ice of glaciers 
^^P Btratihed, as M. Agassiz seems to believe ; ho thinks that 
^Hlratitication cannot appear but in the elevated wvis, where 

t 
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the annual snows are not completely inelted,~never in tki 

glaciers properly so called. 

With regard to the descending progress of glaciers, M. it 
Cbarpentier ascribes it to the effect of the dilatation of tlw 
water congealed, during the nights of summer, in the interior 
of the glacier, and which tends to push the mass in the di- 
rection which presents least resistance, that is to say. in th« 
direction of its length. This effect, which is of such a na- 
ture as to be continually renewed, would cause an unlinuted 
itkorease in the glacier, if, after its arrival in the lowest tkI- 
leys, the glacier were not exposed to a higher tempra^ture, 
which destroys it by fusion. According as the expansion and 
th« fusion counterhalance each other, or the one gains an in- 
fluence over the other, the glacier remains stationary, ad- 
vances or diminishes- M. de Cbarpentier endeavonrs to 
establish thia us tlie true theory of the movement of glaciers, 
on Uie grounds, 1*/, That the motion never takes place except 
in summer, the season of the alternate melting and congela- 
tion of the water in the day and night, and that the glaciers 
are stationary during winter ; 2(/, That the glaciers always 
advance, wheu a cold and rainy summer succeeds a winter in 
which there has been much snow, as was the case from 1812 
to 1818, and that they diminish when the summers are dry 
and warm, and the snow not in great abundance, as from 
1831 tu 182i> ; 3rl and laally, That the small inclination of 
many glaciers, and their stationary condition during winter, 
prevents us ascribing their motion to the pressure of the snow 
i» their upper portion, na Saussure supposed. 

This expansion of the ice produces an enormous pressure 
on the rocks which form thebed of the glacier. The fric- 
tion resulting from the movement of the mass, aided by the 
sand or gravel occurring between it and the rock, hollows, 
ruts, or polishes the latter, according as the minerals consti- 
tuting the rock are of a more or less hard or resisting na- 
ture. The fine atrite formed in this ease always follow the 
direction of the glacier's progress, — a direction which tg de- 
termined hy the configuration of the ground. 

From a desire to avoid all useless repetition, we do not 
'er to the definitions and the mode of formation *f 
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M. de Cliarpentier has studied this part of the 
subject with much care ; he has distin^isbed the furma 
whivb theee accumulations of blocks assume, according a» 
the glaciei' advances, remains stationary, or diminishes ; ac- 
cording as they are formed against an escarpment, or on the 
height of a precipice, Sue. He invariably distinguisheB be- 
tween a fallen mass of rocks and a moraine, by the former 
containing only one kind of blocks, while moraines are com- 
posed of angular and rounded blocks, and such as are rubbed 
■ the movement of the ice, including at the same time 
.8 species or varieties of the rocks entering into the con- 
nictioQ of the mountains which overhang the glacier. 

B phenomena belonging to superficial moraines, to their 
jdestal of ice (which they form by preventing the fusion of 
kt part of the glacier which they cover), to the dislocation 
md scattering they undergo when the glacier which bears 
them enlarges or melts, are all treated in detail in M, de Char- 
pentier's work He likewise particularly notices a peculiiu: 
modification of moraines which he calls alluvium glaciaire. 
This is when the debris of rocks carried by glaciers, instead 
of falling or being heaped up on a dry deposit, fall into reser- 
voii-s of water. They then form irregularly stratified depo 
sits, which are distinguished from ordinary alluviums by tlie 
^ize and shape of the blocks, and by the want of that polish 
which characterises the pebbles of transported rocks. He 
mentions a great many instances of this in existing glaciers, 
and many others at the mouth of the valleys opening into the 
great valley of the Rhone, and in localities where the glacier 
which formed the bounding wall of the reservoir of water has 
since disappeared. He denominates such depositions as 
, the diluviuHi glaciaire. 

'.. de Charpentier does not admit the explanation given 
I M. Agassiz of the return to the surface of the glacier of 
B blocks which have fallen into its interior. He conceiveB 
|ftt this result, which is otherwise well established, is solely 
taring to the gradual melting of all the ice which covers 
\»m ; but he cannot believe that there is a real rejection of 
Ebreign body by the ice, by reason of the pressure exercised 
f the congealed water ■round its sides, as the distinguished , 
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naturalist of N^nfchatel seems to suppose. If the pbi 
aon is not observable in the elevated iiev»>s, this is solely 
M. de Charpentier'a opinion, because the melting of thef 
nual SHOW'S is not completely effected in such places. 

\Vith regard to the crevices so common in glaciers, Jf. 
Charpentier ascribes their origin either to the unequal ei- 
pansion of the ice, when the congelation of water takes place 
in the interior of the glacier, or to the dislocations produced 
by the inclination of the bed of the glacier, or to the inequa- 
lities of that same bed, &c, "When these rents are formed, — 
and that is usually accompanied with a loud noise, — ^their width 
rarely extends to 5 lines, and never exceeds these dtmenBionS ; 
but if they communicate with the lower face of the glacier, 
either directly or by the intervention of other rents, they 
speedily enlarge by the melting of the ice on their sides, oc- 
casioned by the access of the air or rain-water, until they 
sometimes acquire a ividth of 10 feet. When the crevice 
does not extend to the bottom of the glacier, it becomes filled 
with water at its termination, and that freezes in winter. If 
this ice does not continue compact like that of rivers, it is 
because it is soon subjected to the influence of the expan- 
sion of the ice formed in the night during summer, when it 
becomes rent and granular like that of a glacier. These 
Crevices distribute the water produced by rain or melting 
throughout the whole extent of the glacier, and bring it in 
contact with the capillary fissures, which absorb it in greater 
or less quantities ; the rest follows the bed of the glacier, 
and issues from it in the form of a torrent. These waters 
are always mingled witli a very fine mud, which appears to 
be the produce of the rocks ground by the friction of the 
glacier. Accordingly, the waters greatly diminish on the ar- 
rival of winter, and are then perfectly clear. It is probable 
that, if the torrents which flow from glaciers are not com- 
pletely dried up during winter, it is owing to the existence 
of springs under the glacier, which issue tliere from the 
interior of the earth, and not because the glacier melts, even 
in winter, on its lower surfuce. In fact, the observation 
made on the glacier of Getroz by M. Venets, and some other 
facts cited by M. de Charpentier, tend to induce the 
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lihat the underside of glaciers, on the contrary, is alwnyM 
frozen, even during the heats of summer. *l 

After some brief obsemitions on the ice of northern ra-j 
gioQs, which he divides into floating and terrestrial ice, the 
former proceeding from true glaciers produced hy tlie conge- 
lation of the neve, and the others from ordinary congealed 
water, M. de Charpentier arrives at the second part of hisJ 
work, which treats of tlie erratic formation. 

Although it may perhaps be dilHcult to give a good definU 
Htn of this formation, without confounding it with the dilu- 
I or alluvial soils, it is so well known to geologists under 
i name of erratic blocks, that tliere is no need of charaO' , 
fcrising it by a description. The size of the blocks, whi<d 
t no degree diminisli in proportion as we recede from 1 
laces where they originate, as takes place in regard to tbt 
Sluvial formation, the rough surface and sharp angles i 
iny of these blocks, the almost invariable want of selectioi 
According to size and stratification, the great height to whidl 
these accumulations rise, — such are the prominent features a 
the erratic formation. The rocks of wliich these blocks ar»T 
composed in Western Switzerland, are almost all found *« Hlu 
in the valley of the Rhone and its lateral valleys. The hard- 
est rocks fiuTiish the largest blocks ; M. ile Charpentier men- 
Ltions many blocks of granite from 40,000 to 100,000 cubie 
set, and, as an exception to the general rule, a block of lim6^ 
Mone, the largest known, situate near Bex, which containll 
I6I.OOO cubic feet. These blocks must have travelled a great 
distance, some of them 25 and even 60 leagues, from the plae^ 
f their origin. 
According to M. de Charpentier, the deposits of erratic 
^ocks appear under three different forms ; sometimes jtc«* 
tcred, in blocks dispersed here and there, or iu insulated 
Mocks, and more or less covered with earth or diluviuoOi 
This is the most common form. Sometimes they are acc% 
mlated, or collected in mounds or small hills, presenting tfi 
modifications and the same structure as moraind 
finally, at other times they are slratijied in short thick betUj 
and readily distinguished from the diluvial formation by t 
great number of angular blocks they contain. 

One cuiioiiB fad is idc ai^einblage oS WoeVs 0^ ^6 % 
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species of roc-Jts. M. de Charpentier mentions, among otherti 
& band of large blocks new Monthej, in the Valais, from 30ft ' 
to 800 feet broad, and three-fourths of a league long, which U ' 
wholly composed of granite with large grains of felspar, de- ! 
rived from the mouutaina bounding the valley of Ferret, I 
elevflB leagues distant. Some of them contain 60,000 cobio 
feet, and thej are well preserved. 

We shidl not again refer to the singular fonns and curiously 
balanced positions observed in many blocks. With regard to 
tlieir nature, M. de Charpentier remarks that, if blocks ei 
gneiss and granite seem less common in our days in the plaim 
than on the mountains of Jura, it is partly owing to the fact 
that, in the former, a greftt number have been destroyed in 
order to facilitate cultivation, or to be employed in building, 
while those, such as conglomerates, which were too hard to be 
destroyed, have been allowed to remain. In general, the 
number of blocks is in the inverse ratio of the progress of 
industry ; and, independently of it being probable that the 
accumulation was really greater on the sides of the Jura than 
in the plain, it is evident that, in the former position, they 
have been more secure from the hand of man. 

On the sides of Alpine mountains, the erratic deposit rises 
to 2200 and 2500 feet above the bottom of the valleys. On 
the Jura it forms a curve, the upper part of which is on the 
Chasseron, in front of the great valley of the Rhone, at & 
height of 3100 feet above the plain, or 4250 feet above the 
sea ; the extremities of the curve reach the plain, one on the 
side of Soleure, the other near Gex. This formation is dis- 
tributed in an irregular manner tlu-oughout all the valleys of 
the basin of the Rhone, also on the sides of the mountains, 
.lud over all the plain, from Soleure as fai' as Mont de Sion, 
at the western extremity of Switzerland. 

M. de Charpentier then passes in review the various hypo- 
tlieses which have been brought forward by different geolo- 
gists, for the purpose of explaining the mode of transporta- 
tion of erratic debris. Some (Dolomieu and Ebel) have sup- 
posed that the Alps at first presented a uniform and inclined 
jilain, on which the blocks have rolled or slided as far the Jura. 
To this M. de Charpentier replies, that accordiof^ to tke di*- 
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lADce aod height from wiiich these blocks have come, the in- 
«lwed plain could only have had a slope of 1' 8' 50". What, 
moreover, eau have become of tlie removed formations, and 
what agente can have transported them to another place "k 

Others have fancied a kind of rafts formed by the ice of 
glaciers, and transporting the blocks on the waters of a sea, 
whose level reached the highest elevation that they have at- 
tained. M. de Charpentier replies that, according to the facta 
observed, tlie shores of tliis pretended sea, far from having a 
horizontal surface, must have sometimes bad an inclination 
from the Upper Valais to Vevey, sometimes a curve with a 
double descent, from Chasseron on the Jura, to Soleure and 
Gex. Some geologists have thought that the blocks, enclosed 
in the masses of ice proi'eeding from glaciers, have been car- 
ried forward by currents of great velocity, or else, having 
fallen on the ice which covered tlie great lakes, wbith are 
iiupposed to have existed in successive stages in tlie valleys of 
the Alps, they had been transported by the masses of ice ro- 
(iidting from the breaking up of this ice on the return of heat. 

De Luc imagined that an eruption of gas had projected the 
erratic blocks, but this hypothesis, so little in accordance with 
what has been since observed in the circumstances attending 
these blocks, can no longer be adopted by any one. 

Many geologists have ascribed the transportation of the 
ei'ratic matters to currents of water. Some, like Saussure and 
and De Buch, conceive that these currents have been owing to 
11 sudden movement, or a rapid reti'eat of the ocean ; others, 
like Escher de la Lintli, to an instantaneous biu^ting forth of 
the vast lakes, which may have existed in the interior valleys 
of the Alps ; and lastly, others, such as M. Elie de Beaumont, 
to the sudden melting of the ancient glaciers, a melting pro- 
duced, at the period of the rising of tlie principal chain of the 
Alps, by the action of the gases, to which he attributes the 
origin of the dolomites and gypsum. The latter remarks that 
the Alps, having been formed by many diiferent acta of eleva- 
tion, must have had snow and glaciers accumulated upon them 
at the time of the last catastrophe which gave them the 
sent relief, while the Pyrenees, raised by a single movement, 

D not, according to him, present us with any erratic forma- J 
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On this point, M. do Charpentier, wlio has carefully 
examined the Pyrenees, affirms that erratic blocks are found 
there, in a great number of places, and in the same circmn* 
stances as among the Alps ; and he assures us, that if he has 
not given a special description of them in his £»saj/ on tte 
Geognoitical Conglitution oflheTyreneet, the fact only proves tiiA 
ignorance in which he then was respecting the cause of tlie 
transportation of these dehris. Independently of the olgeo- 
tions which M. de Charpentier advances against each of tlw 
causes alleged as producing these supposed great currents, be 
thinks that the latter, whatsoever may have been their origin, 
cannot explain the dispersion of erratic blocks. He refuta 
by facts the support which tins hypothesis was thought to re- 
ceive from the effects of the debacle of B^nes. The want 
of selection, according to the size of the blocks, so remarkable 
in the erratic fonnation, where the largest are often carrieil 
furthest, — the absence of all ti'aces of the shocks which debris 
so considerable, projected with a velocity estimated at from 
175 to 354 feet in a second, should have produced on the side 
of the Jura facing the valley of the Rhone, — the impossilnHty 
of supposing water so charged with debris and mud, as to 
support the blocks at the surface, since these materials are bo 
longer found, or to understand how they should not have fal- 
len after issuing from the enclosiu-e of the valleys ; the state of 
preservation of a great number of them ; the fonn and situa- 
tion of the accumulated deposits ; the groups of the same species 
of rocks ; the fantastically balanced position of many blocks ; — ■ 
all these circumstances furnish M. de Chaqientier with suffi- 
cient arguments, in his opinion, to render the idea of the trans* 
portation of erratic blocks by currents of water inadmissible. 
He at last comes to the hypothesis brought forward by M. 
Schimper in a German ode (die Kiszeit), and developed by 
M. Agassiz, of an inclined plane of ice on which the erratic 
debris have moved along from the Alps to the Jm'a. This 
supposition was explained in detail in the Bihliothcque Univ. 
de Geneve (Feb. 1841), to which we have already alluded. 
M. de Charpentier cannot admit it. He observes that the 
author has not signalized any of the causes which could have 
produced the excessive sinking of temperature, which he si 
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poers to liAve taken place before the final elevation of Uio 
Alps, anymore ttiati those which have induced aniilder climats. 
He is of opinioD, that if it be necegsnry tu admit a cooling, 
which he is ready to do, altliougli to a nmi-h less degree than 
M, Agassiz, this cooling must have taken place atter the ca- 
tastrophe which gave the Alps their present Ibrm, and that 
it has even been the consequence uf it. He cannot compre- 
hend how a suigle winter uould have been sufficient to accu- 
iQuJate ice to the height of 3100 feet above the plain ; and 
winsequently the excessive cold necessary to freeze the lakes, 
nuchas that ofGeneva, which does not freezeat — 23""C.,(-13 F.) 
must bare continued without mitigation for many years. Out 
then this cold must have dried up all ihe I'luuiing water, rain 
would naturally cease, and even snow, which is very rare in 
rery intense colds. But even if we were to admit a thick bed 
of BDOw. it would have been too soft and rough to allow the 
blocks to slide on it to any cottsiderahle distance. 

Again, when M. A^^assiz suppobes that, at the moment of 
the elevation of the high Alps, the slieet of ice, pierced 
and raised upwards, became a bed i'or the blocks. M. de 
Charpentter remarks that, by calculating the mean height of 
the Alps at ll,00O_feet, the greatest elevation of the blocks at 
4250 feet above the sea, and the mean distance of the highest 
parts of the .Mps from the Jura at 25 leagues, we find that 
the supposed surface of ice would only have an inclination of 
1" 8' 50". Now this slope is too small to admit of blocks witli 
a rough surface and sharp angles sliding upon it such a dis- 
tance. In fact, according to M. de Chai-pentier, we never see 
blocks sliding downwards even on the steepest glaciers, even 
although the surface is free from snow and hardened by the 
cold, as sometimes happens in the eud of autumn. M. de 
Charpentier then asks why the limits of the erratic deposit 
describe on the sides of the Jura a curve and not a horizontal 
line, such as one would expect from a frozen lake ? Why 
the greatest accumulation of these blocks is found at the 
b^iest part of this curve or in its vicinity, the very place 
where the inclination must have been least 1 And, lastly, why 
this accumulation is precisely in front of the great valley of the , 
Rhone, which did not exist before the elevation of the Alps, 
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utH could liave no inflit(?nco on the form of the xheet of'^^H 
M. de Charpentier is likewiee unable to understand hoW^^| 
are to explain the marks of friction on the rocks by a nri^^l 
nient of the sheet uf ice analogous to that observed in gla<oi^^| 
In truth this movement in the latter is owing to the congri^H 
tion of absorbed water ; but the congelation of lake or ifl^H 
water can only produce ordinary ice, which is neither caprf^H 
of absorbing water, nor of moving, nor of polishing )^^)^^| 
The ieeof the lakes of the P_\Tenee3 which never thaw, and ^^H 
of the frozen marshes in the north of Siberia and Americsi'U^| 
never assumed the form of glaciers, which appear to exist only 
by the n^v6 being gradually converted into ice. 

It is from the whole of these considerations taken together, 
although we can present them only in an abridged form, that 
M. de Charpentier conceives himself warrauted to conclude, 
that the hypothesis of an extended sheet of ice, is inadequate 
to explain, in a satisfactory manner, the transportation of the 
erratic substances of tlie Alps. 

After having thus passed in review all the theoretionl sup- 
positions hitherto made on the mode of the dispersion of er- 
ratic blocks, the author comes to that which appears to him 
the most probable, and to which his observations have contri- 
buted to give gi-eat weight. It is that which ascribes the fact 
of this dispersion to the action of glaciers, which, if it were 
~' once universally adopted, would enable us to define the erratic 
deposit as a ihtnlical formation lieposUeil by <jlae>era, while the 
diluvial would be a ihtritical formation deposited by wnter. 

A rather curious remaik of M. de Charpentier's is, that he 
is not the author of this hypothesis, nor even M. Venet.*, who 
was the first, however, that supported the suggestion by direct 
observations. It appears'that before this time, in 1815, Plnyfair, 
in the notes published on his journey among the Alps, regarded 
the glaciers as the only agent capable of transporting enor- 
mous blocks to great distnnces without destroying the sharp- 
ness of their angles, and that he was not afraid of tlio eictent 
which, ill that case, it w as necessary to ascribe to glaciers. 
The celebrated Goethe also, in the last edition of his U'H- 
heba Meivti'r, pubiiahed in 1829, advanced the same opi-* 
nkui. Lastly, M. de Charpentier mentions the singular iiu^^ 
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that a belief in the traDsportatinn of crnitic blot:ks bygbcMO, 
greatly superior in size aud uxteut to those nuw existing, i* 
sbared by many of the simple mountaineers of the Alps, who, 
whether fi-om vague tradition, or, what is more probable, the 
habit of observation which is peculiar to them, have anticipated 
geologists by admitting this theory as a fact. It likewise ap- 
pears that JVl. Esmarlc of Christiania had admitted,* in 1827, 
that the blocks of granite dispersed in such great numbers 
through Norway, had been conveyed by ancient glaciers. 

But, confining fur the present the application of the theory 
to the Alps, it must be admitted that, after the last elevation of 
this chainof mountains, thewarm climate (about 17°6(63".5F.) 
which had, till then, prevailed in their vicinity, and which waa 
snSicient to allow palms to flourish, since remains of them are 
found in the deposits formed at their base, gave place to a cold 
and humid climate ; that, during this epoch, glaciers were 
formed on the highest summits of the Alps and on the most 
elevated ridges of the secondary chains; that these glaciers 
increased to such an extent that they descended to thfi lateral 
valleys, and fliled them to a certain height, and finally reached 
the great principal valley, where they united into one which 
ended by debouching into the basinof lower Switzerland, Thm 
all the great valleys of the Alps would furnish an extensiTe 
glacier reaching to the plain situate at their fuot ; but one 
only, that of the valley of the Rhone, would acquire such ex- 
tension as to tiavei-se the plain and reach almost to the high- 
est points of the Jura. The return of heat would gradually 
melt these enormous glaciers, and reduce them to their present 
d'miensions, while the debris which they carried with them, as is 
seen in modern glaciers in our own day, would serve as marks to 
point out their progress, and constitute the erratic formation. 

Of the hypothesis of great diluvial glaciers thus announced, 
M. de Charpentier endeavours to demonstrate that it explains 
all the phenomena observed respecting the distribution of the 
erratic formation, when we take into account the facts pre- 
sented by existing glaciers. Thus the erratic matter of each 
of the great valleys of Switzerland always presents a collec- 
tion of all the rocks entering into the composition of the tnotrn- 

• See Eemork'B paper nn llie Gpologicnl Histotj QCthcEMt.Ii. JauKtigiL'* 
Jaaitu.!, vol. ii. p. 113. 
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tains of tliat valley and of those which open into if. It is thA 
aftnie with the moraines and beds of glaciers, which contain all 
the rocks belonging to the mountains which encompass them. 

The form of the fragments, and the state of preservation of 
the blocks, are the same in the one case as in the otliev- 'Die 
well preserved blocks are generally the largest, because roll- 
ing to a greater distance at the moment of their fall, they 
reached the back of the glacier and remained thcro during the 
whole time of its progress. 

There are no blocks of too large a size for the expansive power 
of the ice, and M. de Charpentier mentions a block of serpen- 
tine in the valley of Saas of 244,000 cubic feet, which has 
been transported for about a hundred years, by the present 
glacier of Matmarck. 

The three forms of deposit in the erratic formation, scat- 
tered, accumulated, and stratified, answer to the debris of the 
beds of glaciers, to moraines, and to the a/imhim glaciare. 

The want of selection in the blocks und groups of the same 
species of rocks, the singularly balanced position which a cer- 
tain number of them present, are explained in the most satis- 
factory manner by the hypothesis of glaciers, those of our own 
day exhibiting the same phenomena. 

The comparatively larger quantity of blocks disposed on the 
flanks of the Jura than in the plain, b explained by this, that 
lower Switzerland, which served as a bed to the glacier, hail 
no moraines formed in it ; the debris which it supported be- 
came scattered at the moment of its destruction, and the fi-ee 
lateral expansion to the right or left did not admit of accu- 
mulations of debris on the flanks of the glacier. But it was 
not thus with the flank of the Jura, upon which the great gla- 
cier of tlie Rhone rested ; there the blocks accumulated and 
formed a grea/ frontal mowtHe which is disposed on the declivity 
of the chain of mountains which formed a limit to the glacier. 

The most elevated debris of the erratic formation ai-e the 
lateral moraines deposited at the moment when the diluvial 
glaciers had acquired their greatest extent and thickness. 
The elevation of these debris indicates this maximum. Thus, 
in the upper Valais, from Aernen as fai' as Brigue, the glacier 
Hv^een 28O0 f«et thick. At Brigue the 
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.«nlairges, the glacier must necessarily have become lower, and, 
*in fact, the debris rise only to 2500 feet above the Rhone. Thi^ 
height has continued for an extent of 17 leagues, as far as 
Martigny, the width of the valley remaining nearly the same. 
It becomes narrower from Martigny to St Rf aurice, and the 
debris rise to nearly 3000 feet, then fall to 2300 feet till we 
come to the lake of Geneva, the glacier having necessarily be- 
come lower owing to the grea,t enlargement of the valley of the 
Rhone. Having reached the basin of the lake, the glacier wab 
freely extended to the west and in the direction of Thonon, its 
lateral edge sinking to the level of the lake. To the cast, oil 
the contrary, the plateau of Jorat forced it to rise to 2600 feet, 
an. elevation indicated by the debris deposited on the mountain 
of Playau. After passing the Jorat, the diluvial glacier of the 
Rhone arrived at the Jura. There the insurmountable obstacle 
presented by that chain of mountains put a stop to its progres- 
sive movement ; the glacier rose upwards, and deposited its 
frontal moraine at 3000 feet above the lake of Neuchatel ; while 
on the two sides, encountering no obstacle, it became enlarged 
by diminishing the thickness, and described, on the sides of 
the Jura, the curve now presented by the debiis of the erratic 
formation, which terminate on the one side near Soleure, and 
•oh the other near Gex. 

The manner in which the erratic formation terminates, 
sometimes in the form of mounds or bands analogous to mo- 
raines, sometimes in scattered debris, or by mingling gradually 
with the diluvmm, which must have been necessarily conveyed 
by the action of the mighty torrents which escaped from the 
sides of the diluvial glaciers ; at other times, finally, becoming 
confounded in a way which cannot be disputed, with the de- 
bris and moraines of existing glaciers, — are all facts which 
seem to plead powerfully in favour of the hypothesis of glaciers. 
With regard to the considerable extent which the erratic 
formation of the valley of the Rhone seems to present, it is 
easy to understand why the glacier furnished by this valley 
should have been so infinitely larger than any of those which 
have reached the plain at the bottom of the Alps. In fact the 
Valais, for four-iSflhs of its length, is bounded by two of the 
highest chains of the Alps, and receives the greatest number 
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6f lateral valleys proceeding from mountains of snffioUnt*! 
vation to be etill covered with glaciers. Thus thfl ralle] 
tbfl Rhone receives 32 of these lateral valleys : 
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and it is found, in point of fact, that the erratic formatioa af 
the valley of the Rhone is moat extended, and that of tiut 
Sarine least so. 

Lastly, the effect produced even in the present day by gla- 
ciers on the rocks which form their beds, renders it easy to ac- 
count for the marks of wear and friction presented by the 
rocks in the neighbourhood of erratic debris- But we must 
beware of supposing that all polished rocks have been ren- 
dered so by glaciers ; and M. de Charpentier cannot, for ex- 
ample, admit that the famous polished rock of the Col de la 
Fenetre, neai' the Great St Bernard, is the result of the fric- 
tion of a glacier, as M. Agassiz seems to think. He ascribes 
it, as was done by Sanssm'e, and more recently by M. 
Leonhard, to the friction of the masses against each other, 
and to a kind of vitrification consequent upon that friction. 

Now it will be asked of M. de Charpentier, how he can ex- 
plain the existence of a climate fit to give the diluvial gla- 
ciers of the Alps the gigantic development of that of the 
Rhone, for example, which was of such breadth as to cover 
all that part of Switzerland between Soleure and Geneva, 
and must have been sixty leagues long. He is of opinion 
that, although it may be impossible for him to reply and as- 
sign a prohahle cause for this great cllmateric change, we 
ought not on that account to reject his hypothesis, if in other 
respects it affords a good explanation of all the facts, just 
as we have not disclaimed the theory of soulevements, al- 
though we are ignorant of their cause. But he thinks he 
con account for the long series of cold and rainy seasons ne- 
cftEsary to the development of diluvial glaciars, from the very 
consequences of the last elevation of the Alps ^ich tnun*- 
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dlately preceded it. He entirely renouDces the opinion 
had expressed in 1834, respecting a probable elevation of 
the Alps very much above their present level, and he ascribes 
the change of climate to the numerous crevices and fosHrea 
which the upward projection of the high .\lps must have pro- 
duced in the strata overturned by this formidable cataclysm. 
All these crevices, the largest of which, filled in their lower 
part, constitute at the present day the valleys of mountainst 
must have served as passages for the waters, whiuh were thus 
enabled to penetrate to a gieat depth into the bosom of the 
eartli. Soon reduced to vapour by the heat of the beds over 
which they ran, they became condensed in the atmosphere in 
the form of i-ain or snow, and the temperature of the walls 
uf the crevices must in this way have rapidly diminished. 
M. de Charpentier cites on this subject, on the authority of 
M. Poeppig, the case of the volcano of Anduco, in Chili, from 
which escape white vapours, which are neitlier warm nor fe* 
tid, but very humid, and which are seen to change into clouds 
under the eyes of tlie observer. Thus, over a great extent of 
the globe, a great (quantity of vapours must have been diaen- 
gtged for a long period, and thefe, augmenting the humidttf 
of the atmosphere, and becoming transformed into fugs and 
clouds, intercepted the rays of the sun, and in this way con- 
tributed to diminish the temperature. In this way he esta* 
Wishes a long series of rainy and cold seasons, singularly fa- 
vourable to the formation and development of glaciers, which 
established themselves wherever the mountains were high 
enough to permit, and particularly among the Alps. And it 
is not necessary for this purpose to suppose an excessive de- 
gree of cold. That of the years which succeeded each other 
from 1812 to 1818 would be fully sutlicient, according to M. 
de Charpentier, supposing that it was continued for a long 
enough time, to explain all the development hypothetically 
attributed to the diluvial glaciers of the Alps. A very great 
cold would be even contrary to tlio theory of glaciers, because 
rain or liquid water is necessary for their formation and in- 
crease. It is probable that this change of climate was the 
cause of the gradual extinction of beings M-hieh had lived up 
K-were enclosed among the ice formed at this 
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epoch in the north of the old continent. The diluvial ;;laciers 
of the north, favoured by climate, acqaired even greater ex- 
tension than those of the Alps, and dispersed to still greater 
distances the debris they carried along with tliem. Lastly, 
in proportion as the crevices and fissures treated by the dis- 
location and fracture of the beds became closed up, and the 
water ceased to penetrate in such great abundance into the 
interior of the globe, the vapours diminished, and the hygro- 
metrieal and meteorological state of the atmosphere under- 
went moditication. Rain became less frequent, the rays of 
the sun became more active, and the diluvial glaciers, at once 
deprived of >vater and exposed to a higher temperature, must 
have melted hy degi-ees and returned to their present dimen- 

As to the considerable time necessary for the tbrmation of 
these immense diluvial glaciers, M. de Charpentier first re- 
marks that authors arc not much iu the habit of hesitating 
about time in their geological hypotheses. No one refuses 
to admit very long periods of years, when attempting to ex- 
plain the formation of thick beds of sandstone or limestone. 
But his hypothesis does not require much in this respect. In 
fuet, in 1818, the glacier of the Khone advanced about 150 
feet ; by supposing a similar annual progression, it \vould re- 
quire 77i years to extend to Soleure, that is to say, 66 leagues 
from the bottom of the Valais. Thus, a climate analogous 
to that which prevailed in Switzerland from 1812 to 1818, 
continued for about eight centuries, would be suflicient to 
enable the great glacier of the Rhone, augmented hy all the 
glaciers proceeding from the lateral valleys, again to advance 
and deposit its moraines on tlie sides of the Jura, whei-e we 
now find the debris of the erratic farmation. In 1818, the 
alann was such among the mountaineers in the valley of 
Chamouni, in consetiuence of the considerable enlargement 
of the glaciei-s, that no one doubted that if the cold and rainy 
weather of the six preceding years had continued for five 
more, all the glaciei-s would have become united, forming 
only a single glacier, which might have extended as far as 
Sallanches, situated 7 leagues from thence. 
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Vith regard to the crossing the Lake of Geiicvti, or other lakes 
ling up the openings of the great valleys, such an obstacle wits j 
inadequate to stop the progress of glaciers. When once the wa- I 
ter of the lake cools to zero by the melting of tlie ice, the water ' 
will support the glacier, if it is so deep that it cannot reach the 
bottom. In fact the density of ordinary ice is about 0.92, 
and that of the porous ice of glaciers must be still less con- 
siderable, Thus, the glacier of Panerussaz, in the Alps of 
Bex, is in great part supported by a loke ; in hke manner, 
in 1817- the glacier of Schwaxtzberg crossed the whole breadth 
of the lake of Matmarck ; and we also know, as Scoresby ob- 
served on the coast of Greenland, and quite recently as Cap* 
tain Ross found near the islands he discovered in the neighbour- , 
hood of the south pole, that glaciers advance into the sea to J 
the distance of many miles. j 

I We pass over without remark other objections of detail to I 
luch M. de Charpentier endeavours to give answers, either 
F taking it for granted that they will he urged against him, 
; because they have really been started since his hypothesis 
[• diluvial glaciers has been made known to the scieiitifie 
jpld ; and we terminate this short antilysi.^ of his work, by 
few words on the influence which lie ascribes to glaciers on 
the diluvial phenomena. The three principal of these plic- 
nomeoa are ; the configuration of the surface of the valleys, 
and of the plain between the Alps and the Jura, — the deposit 
of diluvial matter, — and the transport and dispersion of eriatic 
blocks. These three phenomena, which are continued to o 
|Tn day, although on n very reduced scale, have been in some 
free contemporaneous in the diluvial epoch ; but the actions 
hich predominated, succeeded each otlier in the order in i 
hich they ai'e announced. In fact, if, as M. Agassiz thinksi 
I dispersion of the erratic debris had taken place first, 
i at the moment when the Alps pierced the sheet of ice; ] 
hich he supposes to have then existed, we ought to find J 
Bse debris generally covered and buried up by the diluvium, f 
jhicb has not been observed to he the case. 
► The partial filling np of crevices, «hether by means of 
;ge fragments of broken rocks wliich still project from the 
ttom of the vallcvB. or bv the substances carried down hv-.j 
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the waters penetrating by their fissnres, must have commenced 
immediately after the rising of the mountains. The torrents 
formed before the comnioncement of the era of glaciers, must 
have carried along muth debris, which, after falling into, fu«l 
levelling tlie bottom of the valleys, discharged into the !ak«, 
that close up their entrance, all the materials not previously 
deposited. The basins of these sheets of water were thus sen- 
sibly contracted - 

The second phase was that of the formation of glaciers 
and the transport of erratic blocks. This dispersion took 
place at first in the hifihest valleys, then gradually in the low 
regions of the Alps. When the glaciers had passed over the 
lakes, the blocks of alpine rocks they transported arrived in 
lower Switzerland, and there formed moraines, bands, and 
glacial deposits ; those which remained on the back of the 
glaciers produced, on the melting of the latter, scattered depo- 
sits ; lastly, such as were carried along by torrents, formed new 
beds of diluvium. These torrents produced by the melting of 
the glaciers could not fail to be very considerable, and they 
must have modified the relief of the plain, by mingling witk 
the debris already deposited, such as had been brought doWft 
by the glaciers of the high Alps. They must have formed tw6 
great rivers, one flowing into the basin of the Rhine, the othOS 
into that of the Rhone. At the moment of the general m«t^ 
ing of glaciers, they must have been such as to carry bloob 
of considerable size to great distances ; and it was perhapa ftt 
this period that the blocks of alpine rocks, 3 feet in diametW) 
observed by M. Elie de Beaumont, in the neighbourhood of 
Lyons, were transported. Moraines could not be formed in the 
portions of the sides of a glacier which formed a passage to 
these rivers, for as soon as the blocks were detached, they 
were carried away to some distance by the water ; and it is 
tliis tliat explains why it happens between Gex and Geneva, 
as between Soleure and Herzogenbuchsee, that at the two 
lowest points which the diluvial glacier of the Rhone reaches, 
the erratic formntion, instead of terminating in a moraine, 
passes into the state of diluvium. 

The melting of the diluvial glaciers forms the last phase 
of the diluvial period. The blocks which were up to tbii 
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time disposed only along the sides of glaciers, were now scat* 
t«red here and there on the simiio bed they had occupied. 
These debris continued in their place wherever water had not 
access to them ; and where torrents were ibrraed, only the large 
blocks remained. The small debris carrietl farther, formed 
new beds of diluvium, which have often interred the large erra- 
tic blocks found in them. When the melting of the ice had coii- 
tined the glaciers within the lakes, their inilueni?e on th» 
turmatioQ of Lower Switzerland would entirely cease; and the 
materials which the torrents, to which they give rise, con- 
tinued to carry along with them, as they do to the present 
day, were arrested by the lakes, and accumulated at their up- 
per ends. Once more restricted to the valleys of the Alps, 
die glaciers experienced alternations of progression and re* 
trocession analogous to those we witness in our own timea, 
and which explain the various stages of moraines to be seen 
on the flanks of mountains on the two sides of the valley.' 
But when the vapours diminished greatly, and the atnjo- 
sphere cleare<!, the rains becoming less frequent and the sun 
wamier, the glaciers melted more and more, and retired 
vithin the high valleys, where we find them in the present 
day. This influence of glaciers, formerly so considerable, on tha 
configuration of the surface of the valleys and basins of SwitBeN 
land, is still continued though on a very small scale. They still 
transport debris, form moraines, leave scattered deposits ; in a 
word, create an erratic formation around them. Torrents 
carry away a part of these materials, heap them up in tUo 
lakes, and form diluvium ; so that the present geological 
epoch is nothing else than a feeble continuation of that which 
preceded it- 

Such are M. de Charpentier's views on the formation of 
the erratic deposit ; views founded on a long series of studies 
and observations, and which he brings forwai'd with a noble 
and modest simplicity, and with that entire absence of all ir- 
ritation against the objections that maybe made to them, which 
_ characterise, in such a high degree, this distinguished philoso- 
^■jptier. His theory, it will be perceived, differs from that of 
^ni. Agassiz, inasmuch as the latter, although admitting that 
^Bhe glaciers of the Rhone may have extended as f^r ss the east- 
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em banks of the lake, to Vevey or even to Lausanne, yet can- 
not coiiceiTC that they could reach to the Jiira ; and is there- 
fore of opinion, that the blocks met with on the sides of 
this chain of mountains have been brought thither by means 
of a great sheet of ice, forming an inclined plane from the sum- 
mit of the Alps. Ice, it is true, is thus the principal agent in 
both hypotheses : hut the one supposes a very'considerable 
change in the temperature, and a state of things which no- 
thing of our own times can enable us to form an idea of; while 
the other is founded on the direct observation of actual facts, 
and requires nothing more from the imagination of the reader 
than to prolong, for a suflicient time, the exceptional circum- 
stances, of which we yet witness occasional instances. This the- 
ory of diluvial glaciers has already made mucli progress among 
geologists, and its application is bj' no means limited to the 
erratic deposits of the Alps. At a great number of places, in 
England, Scotland, and Norway, some have thought they re- 
cognised factri analogous to those on which M. de Charpentier 
has founded his hypothesis ; and now that the impulse is given, 
it is perhaps more to be feared that we shall see a good many 
geological phenomena ascribed to the influence of glacier**, 
which the author of the theory would himself have exclui 
than that doubts will be throivn upon the facts which he 
so well described and so conscientiously observed. 



On the Glacial Theory. By Roderick Impev Murchii 
Esq., President of the Geological Society, Ssct, ■. »^i 

From a study of tlic Alps, wliere Vcneu and Cbarpcntitr led Ihc way 
in ebewlng' lliat a connection existed between the erratic blocks and the 
sdTance of glaciers. Professor Agassiz haa deduced a glacial tlieory, and 
liaa endeavoured to generalise and apply it even to our ova countries, 
in which effbrt lie has been supported by my predecessor in the Cbair. 
In the following observations, I will endeavonr to point out what new 
materials have been brought forward, abroad and at home, to enable us 
to reason correetty on this difficult question, and I will then suggest some 
essential modifications of the new hypolhtsis. 

As propounded by Agassia, tbe glaeinl theory, even in its application 
to the Alps, has met with an opponent in the person of Professor Neclter 
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te t Sa men rfe In tbe first yohnne of a woik wliicli lie is now publisbing^ 
iM, Necker treats> m great detail^ the wbole subject of superficial detritus 
^nnected witb tbe nortbem * and westem watershed of the Alps^ and 
gives us tbe fnuts of many years of observation. Adding very consider- 
ably to the list of phenomena of transported materials collected by M. A« 
de Luc, he takes his own illustrious ancestor, De Saussure, as his model, 
and-foHowing in the track of the historian of the Alps, he endeavours to 
enlaige and improve upon that great observer's suggestions. Pointing 
out the distinctions between two classes of detritus, viz. one of high an- 
tiquity and another of modem date, M. Necker contends that the enor- 
mouis masses of the ancient drift or diluvial detritus have a direct con- 
nection with the actual configuration of the surface, because the t^f 
part of them has been derived from the centre of the chain, the flanking 
and lower mountains, and even the strata on which it rests, having coQtri- 
buted comparatively little to the great advancing body. Examining the high 
valleys about Chamouni and the foot of Mont Blanc, and finding massive 
walls from 300 to near 600 feet in height, composed of this ancient dilu- 
vium in its coarsest form, near the extremities of certain glaciers, he con- 
cludes that they were once the moraines of glaciers which melted away 
and retired from them. He then goes on to suppose that when the re- 
cession of the glaciers took place (an effect which he refers to the same 
cause as De Saussure), such transversal moraines formed dykes standing 
out at some distance from the mountain and barred up lakes formed by 
the melting of the snow and ice. These lakes, at length swollen to ex- 
cess, are supposed to have burst through the moraine barrier, and to have 
drifted the materials of which it was composed into the lower countries. 
M. Necker believes that when these ancient glaciers existed, the Alps 
were considerably higher than at present, and he judges that such was 
the case, because the *' aiguilles " of Mont Blanc have been lowered very 
considerably in our own times. Arguing that great blocks arc never 
found at the foot of mountain chains which have not permanent gla- 
ciers, of what De Saussure called the '' first class," he cites many nega- 
tive examples, and brings forward the Pyrenees, where no true erratic 
blocks are seen, as a proof that the minor or second class glaciers, which 
there occur, never advanced su£Sciently far to dam up water-courses, and 
thus to form those great lakes, to the letting off of which and to the de- 
struction of vast moraines, he attributes the presence of large boulders in 
the Alps. 

I must, however, remind M. Necker, that if he assumes that all great 
erratic blocks are to be referred to some neighbouring chain, now the seat 
of glaciers, he forgets the cases in Scotland and England, and indeed 
many others, far removed from mountain ranges, and which must be 
classed, as I shall presently shew, with submarine deposits. Indeed, by 
far the widest spread of erratic blocks with which we are acquainted, ex- 
tending over the plains of Germany and Russia, must have taken place 
(as I believe at least) when those flat regions were beneath the 8ca ; for 
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recem obicrvntioos liavc sbena, Uiat tlie blacks coDititots the uppenDoct 
or last iiurface deposit in tracts wliich exhibit, hccc and lliete, pioofe of 
Iiavinjr been as ancient bottom of a sea. Bui tvilhout eateoding hit 
theory to other parts of the worldj it does not appear to lae, eren vhea 
confined to the Alps, that M. Necker explums uiti^ctority how the ^- 
oile blocks of MoDt Blunc should lie upou the Jum, hy any reference la 
eubafrial debacle ; far if v/c are to imagine the deep hollow of tbc take 
of OeneTB filled up with gravel, saud, and mud, and fornung an incUned 
talus from the ci^ntrc to the flauka of the chain, the subsequent Gcoopinj 
out of this enormous mass of inatetiala involves an intensitj of degrada- 
tion as difficult to belkve in as the former extreme climate of Agassiz, by 
which thousands of feet of snow and ice are supposed lo Lave occupied 
tbe same deep valley. I ought not to omit to state, that one of the chief 
elements introduced bvAgHssiz into this question, the polished and striated 
Burfiicofl of the locks, has not yet been alluded to by this author, but will 
be treated of in bis second volume. 

In the mean time, however he may fail to account satUfaetorily for the 
transport of the very distant great blocks, we have to thank M. Neckat 
for the additional mateiiali, which seem to establish one fundameaul 
fact in reference to the Alpine case, viz., when this detritus whs cast oB^ 
tbe gorges and Ranks of the chain had nearly tbe same reference to tb* 
central crest as that which now prevails. If tliis be proved, the theory 
which depends chiefly upon the supposition, that a great elevation of the 
centre of tbe chain broke oiT ibc ice and dislodged the glaciers, is de- 
prived of its chief basis. In what manner Professor Agassii can account 
for the Alps being a great centre of dispersion whett at a loicer leve', is in- 
deed a part of his theory which is not easily comprehended. Ou the 
other hand, whatever wc may think of H. Neckcr's hypotbesb, it muat 
be admitted that the facts adduced by him support one essential point of 
the glaciulistS] by connecting tbe presence of blocks witli the existence 
of glaciers in the Alps, the former being, as be states, invariably found 
both in the southern and northern watersheds of those mountains, and ct 
the mouths of the great transverse ravines which lend up to tbe region* 
of perpetual snow, and in all such cases be allows that tbe condition of 
the blocks is highly indicative of their having once formed part of the 
'" moraines" produced by former glaciers. 

But the important point, that the glacier is the chief source of tbe oi^ 
gin of erratic blocks, is entirely deiiicdbyanotlier antagonist to tbe theuj 
of AgBssiz, who has appeared in the person of H. Godcffroy.* 

After tbe observations of two summers in tbe Alps, this author has be- 
come convinced that the materials of tbe so-called moraines have not been 
derived simply by the glacier from the solid rock in the higher mountauWi 
but are the re-arranged portions only of a great pre-existing diluvial d*- 
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ftilty wbSdi bad beta tceamtJated in the nuUadng valleys duiiiig it pe* 
iM of great diatatbanoe, anterior to the exiRtence of glaciers in that lati*. 
tadi. Desciibhlg (like M. Necker) one of these *' tniin^s" as having a 
eoatinnodil length of fifteen leagues, he infers that such a mass could: 
wkx have been deposited by a glacier proceeding from mountains of no- 
gwaiir altitude than the Alps. Aiguing that glaciers are merely the con* 
deuedt>r central portions of vast accumulations of snow, forced down*, 
tsuds into the gorges by increasing volume from above^ the chief novelty 
of M. Qodeffroy's work is contained in the opinion> that in advancing^ 
thtse bodies of ice cut through the ancient diluvium or drift, just as a 
plough-share cleaves the toil ^ presso tellus consurgit aratro" being his 
iiiotto)> and threw up some portions into lateral moraines^ as well as- 
pissi»d beftite them others to form terminal moraines. To the crystalline 
aad mechanical changes which the snow has undergone in its passage 
iote solid ice^ is attributed much of the confusion and irregularity of out* 
line so visible in the ^' aiguilles" and other icy masses of the Alps ; and- 
to the aame disturbing action is referred the rounded and worn exterior 
of the boulders in moraines, as contrasted with comparatively angular* 
blocks of the pre-existing drift which have not been in contact with the 
g]i|cier. I refer yott*to the work of M. Godeffroy for the explanation of. 
the manner in which he supposes the sur&ce of the advancing or retreat-, 
iog^glacier was subjected to lateral overflows or " ^croulemens" of stones, 
gsavelj and earth, and also for his theory of medial moraines ; but I now 
bring to your notice his ingenious eflbrt to solve one of the very difficult 
cUmatological problems in the Alps. Having shewn how the lower val-^ 
leys miisty firojoa year to year, become more and more encumbered with 
detritus, he seizes this fact to explain by it alone, both the well-known 
retreat of the glaciers and the &ct brought forward by Yenetz and other 
observers ; viz. that roads which existed in certain former passes of the. 
high Alps are now quite choked up with snow and ice — a fact which 
has been supposed to indicate a sensible decrease of temperature within 
the historic esia. M. . Godefi^y contends^ that in ancient times, when 
^^ gorges were more open, and the heaps of detritus at the entrance into 
the lower valleys were less in size and fewer in number, and when conse- 
quently the glacieis easily extended to greater distances^ the continual 
and unrestricted supply of snow and ice from many affluents more than^ 
countervailed the loss through atmospheric action ; but that as the ob- 
stacles increased at some distance above the terminal moraine, the lower 
ends of the glaciers not being so fed as to regain in one season the melt- 
ing losses of the previous year, the inevitable result was a successive 
shrinkage and retrocession of the mass. The increase of snow and ice in 
the upper passes, and the blocking up of the roads^ are explained by the 
same agency ; for as soon as the descent of the glacier from the higher to 
the lower Alps was impeded, it would follow, that the frozen matter of 
the higher regions, deprived of its previous exit, must find its way into 
the adjacent upper depressions, and there fonn those mer9 (fs gla9e which 
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hftve obstructed ilic road-ways or passes of our ancesMrs. 
supposed Buomaly expluned nithoat rocurring to any change of climate.*, 

In that part of our own country to which the glacial theory has been 
applied, Mr Charles Macloren, already known to you by excellent geolo- 
^cal treatises, has recently publiahed a well -condensed small work ei- 
plaining the views oCAgaesiz. The phenomena of glaciers and the general 
doctrines derived from tijcir study being explained, Mr Maclaren proceed* 
to analyse chose cases of transported detritus in the neighbouihood of 
Edinburgh to which the theory had been supposed to apply. 

A year and a half only has elapsed Biiic« Professor A^ssli and Dr 
fiuchlsnd seemed to think, that this district was as rich in proofs of the 
action of gliiciers as many otlior parts of Scotland which they visited, and 
ns I happened to witness the efforts of my predecessor in this Chur to 
attach Mr Maclaren to his views, I must be permitted to direct your «t- 
tention to the practical results at which this gentleman has arrived k 
some prominent eases. 

Observing blocks of greenstone on Arthur's Seat, which, from tlielr 
peculinr structure, must have been transported from Salisbury Crags, a 
/nrerhill, and separated from the former by an abrupt valley, MrMaclaiea 
infers, that if the present surface of the land be argued upon (and in all 
questions of glaciers this is a postulate), neither glacier, not iceberg, nor 
current will explain the fact. It is unnecessary that I should here examine 
this author's hypothesis, by which, in order to solve the local problem, be. 
restores the inclined stratified masses of Salisbury Crags to such an ex- 
tent as to give them an altitude in ancient times superior to that oT 
Arthur's Seat ; for whether we adopt his ingenious view, involving a 
mighty subsequent denudation, or suppose that in the oscillations of this 
plutonic tract the former lo.w and high points of land have been relatively 
depressed and elevateil, it is obvious, from the very structure of the rocks, 
that in both cases a subaqueous, and not a subaerial condition is called 
for to explain theappearauce3,and this too, be it recollected, on thesum- 
mits of the highest hills in the immediate vicinity of the Scottish metro- 
polis, in and around which the action of glaciers has been supposed to be 
visible at much lower levels ! 

Among the examples of the scratched and polished surfaces of rocks 
near Edinburgh, I do not perceive that the glaeialists have grappled with 
certain appearances on which Dt Buckland formerly dwelt with so much 
pleasure, viz. the grooved or channeled surfaces of the Braid Hills, first 



• I hoped la hive been able to c|untG the opiuions of ProfeBsor J. Forbes on 
Ihli vexala qumlii, becaU9e it is well known that ho was a compsnion of FrDfeuor 
AgBiili in the Alps during the last summer, hut this dislinguisbed euItivaMr of 
physical science has not jet published his vieHS on tbe action of glaciers as affect- 
ing the Burfiu^e of the enrib, though he bas given to tbe public s very jngenioDl 
skstrb. descriptive of a peculiar parallel stnation in the solid ioe of glaciers.— 
PiiUnburiih MeW Phllduphieal Journal, Januar; 1B12. 
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-fdiated out bj 8ir James Hall^ and which the great chemical geologist 
•al^buted te 4 j>owerfy rash of waters. When I visited the low ridge in 
question with Dr fiuckland and other friends^* my conviction was that 
these grooves^ though then attributed by Dr Buckland to glacial action^ 
are due Blither to that agency^ nor to any rush of waters^ but are simply 
tfie result of ibe changes which the mass of the rock underwent^ when it 
pttAsed from its former molten or pasty condition into a solid state. These 
a]}pearances differ essentially from ordinary glacial scratches or scoring8.t 
They are^ in fact, broad undulations or furrows, and instead of trending 
fnm the higher grounds to the Firth of Forth, as would naturally be the 
case if they were due to the expansion and descent of glaciers, they rise 
up to the very summit of the low ridge in a direction transverse to its 
bearing, and with no neighbouring point of ground higher than that on 
which they occur. On clearing away the thin turf wliich barely covered 
the rock, some of these undulations in the surface appeared wide enough 
to contain the body of a man, and though observing a rude sort of paral- 
lelism, their forms were often devious. As their surface was smooth, not 
much unlike the usual aspect of the so-called '^ moutonn^s" rocks, the 
glacialists of our party at first seemed to be proving their case, when sud- 
denly a discovery destroyed, at least in my opinion, their theory ; for in 
the adjacent quarries of the same hill, at a much lower level, and upon 
beds just uncovered by the workmen from beneath much solid stone, other 
sets of undulations or grooves were detected, so like to those upon the 
summit of the hill, that a little atmospheric influence alone was required 
to complete their identity. My belief therefore is, that the undulations 
were caused by the action which took place when the stone was solidified. 
Phenomena of a similar nature to the Scottish have been since ob- 
served in Wales by our late Fellow, Mr Bowman. Captivated by the 
glacial theory, and having himself endeavoured to sbew that it could 
ev^i be as successfully applied to the south as to the north of Scotland, 
he examined the highest region of Wales, with the geological structure 
of which he was previously familiar, half convinced, a priori, that he 
would naturally find in those mountainous tracts some proof in support 
of the new views which he had adopted. He, however, quitted that 
country without having been able to observe any evidence whatever in 
favour of the Alpine' theory, though his journey enabled him to detect 
several examples of striated rocks, which in unskilful hands might have 
been mistaken for the effects of glacial action ; and these he holds up as 
warning beacons. After stating that there are, in his opinion, no ter- 
races which any follower of Agassiz can construe into '^ moraines," whe- 
ther terminal, medial, or lateral, on the flanks of the mountains of Snow- 
don, the Arcnigs, or the Berwyns, he describes three distinct and diffe- 
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»eDtly fDmed ids of parelJel mnrkings which he observed in the 
uncovered EQrfuees of the schiEtoEe SiluriitD roi^ke, and KhewG sfttitbfr- 
toritj how Eueh appearanceE, a^ well as the tops of the jointB, miglit ho 
■nistaken by cnrsory observers for scratches, although theynreinfuccdoe 



Unlike Mr Bowman, Dr Buckkod has not confined his views of the 
Action of glaciers to Scotland, but applies ihcm larg'cly to the north of 
England and to Wnles. He has recently endeavoured to satisfy ns, Ihlt 
(lie rocka on the sides gf the chief valleys in the ktter country whieli 
open out fhim a common centre of elevation are striated, worn, and por 
lished in the direction of the present water- courses, iind t1it;se he con- 
ceives to be evidences of fonnerjjfeeier*, which filled up all the valleya 
rBdiating from i>no\vdon to a distance of many miles from a comiooa 
centre. I confess I see almost insurmountable objections tg this view. 
Apart from other evidence, the very physical geography of this tract ii 
at variance with the construction of such an hj-potheais. In the Alpt, 
and indeed in every other part of the world in which they hflvc been ob- 
served, the length of glaciers is in ratio Co the height of the n 
from which they advance, or, to use the words of Agassii, from » 
they ejT/aiid. Xow, whilst in the present days, a small gladcr ki 
the sides of r mighty giant like Mont Blanc, having the altitude of lt,OM 
feet, our Welsh hills, having a height only of 4000 feet, had glftcitM) bf 
the shelving of Dr Buctlanrt, of a length of many mites. Again, in the 
same memoir, which fills so large a portion of the principality with gla- 
ciers, the author comments upon certain facts already well known to u*. 
Til. the existence upon Mocl Tryfane and the adjacent Welsh mous- 
tnins of sen-shells of existing species, at heights of 1500 and 1700 feet 
above the sea, where they are associated with mixed detritus of rocks 
transported from ofiir, sll of which have travelled from the north, the 
hard chalk and flints of the north of Tteland being included. How aie 
we to reconcile these facts with the theory that the greater part of tbe 
country in question was frozen up under the atmogphere in some parts of 
the same modem period? Unable otherwise to explain how marise 
shells should be found on mountains which are supposed to luive been 
previously and daring the same great period occupied by terrestrial gla- 
ciers the accumulatioQ of nges, Dr Bucklaod invokes anew tbeiud of the 
old hypothesis of a great wave. This wave, rolling from the north, mmt 
have dashed over the mountains to a height of near 2000 feet, depositing, 
as it went, gravel, bonlders and fragments, derived from places 200 miles 
distant, and transporting also niariuc shells in its passage. But is it not 
more natural and accordant with all the data upon which our science bs^ 
been reared, to suppose that when such shells were deposited, the paita 
of the mountain so affected were permanently beneath the sea, than to 
call into play the Ui^^uuiptiou of the passage of so mighty a wave ? At 
one moment the argument ufed is, that scratchings and polisbings of 
lock V ' -ye been done by ice, because in eKisting nntnre it baa Im^^h 
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lilUMl (hat ice can^rodttee mieh eIRictf ; and &i the lanie breath we 9^ 
tlid'tiiat beds^ of ihells have been plaoed on a mountain by an agency 
^■liibh k trtily luperoataraL 

In fittst the " glacier" theoiyi at •xUnd$i iy its author^ in proving too 
BQchi may be said to destroy itselL Let it be limited to such effects as 
hgdmaSimiammfSm Alpine phenomena so clearly described by 
Di^ and we must all admire in it a vera causa of exceeding interest ; 
tec once pass the bounds of legitimate induction from that vera eaum, 
lid try to force the many and highly diversified superficial phenomena 
of tbe surface of the globe, into direct agreement with evidences of the 
setion of ice under the atmosphere, and you will be driven forward like 
^ ingenious author of the theory, so to apply it to vast tracts of the 
Ifiobe, as in the end to conduct you to the belief, that not only both 
Dorthem aAd southern hemispheres, but even quaei tropical regions, 
vere shut up during a long period in an icy mantle. Once grant to 
AgSLsaix that his deepest valleys of Switzerland, such as the enormous 
ohaam of the lake of Geneva, were formerly filled with solid snow and 
ice, and I see no stopping-place. From that hypothesis you may pro« 
oted to fill the Baltic and Northern Seas, cover Southern England, and 
hidf "^f Germany and Russia with similar icy sheets, on the sur&ces of 
which all the northern boulders might have been shot off But even 
were such hypotheses granted, without we also build up former moun- 
tains of infinitely greater altitude than any which now exist, we have no 
adequate eentres for the construction of enormous glaciers which ima- 
gination must create in many regions to account for the phenomena. 
The very idea which records the existence of these vast former sheets of 
ice is at variance with all that is most valuable in the works of Charpen* 
tier, Venetz, and Agassiz, whose data, as carefully eliminated from Al^* 
pine phenomena alone, would naturally teach us never to extend their 
application when those conditions are absent, viz. the mountain chain, 
by thfe very preisence of which the phenomena are explained. 

But though the Alpine glacial theory be new, the scratches and polish- 
ed surfaces of rocks are by no means of recent observation. Many 
Swedish miners, from the days of Tilas and Bergman, failed not to M« 
ibark how their mountain sides were furrowed, and in our own times, 
Sefstrdm* of Sweden, and Bohtlingkt of Russia, have not only narrowly 
tifaced them over wide regions, but have endeavoured to account for 
th^m* The first of these authors remarked, that nearly all the hard rockfl 
of this country had a " worn or weather side," and a highly escarped or 
*' lee side," the former being exposed to the north and the latter to the 
south ; and having further shewn that the detritus had generally been 
carried dTrom N. to S., he called the worn face the " weather side," and 
the higher and jagged extremity of such ridges the '' lee side." Extend** 
in^ his observations to many hundred places, he divided these scratches 
into what he calls normal and side furrows, shewing that in the latter 

* See Taylor's Scientific Memoirs, vol, \i\. v- ^^-^ 
f Jamesoa's JToarnal, vol, zxxi. |^ 25». 
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(here are frequciil nlierrutiuDS fromtbe ptraistcnt courses of the former. 
AH!iou|>li he hud been nt first diEpoaed to tliink, from ibe daw in a ftiven 
country tiround Falun, iLiit tbe normal lines were invariably from N", tffl 
S., he afterwards discovered that in large tracts of the South o/ Sweden 
the direction was from N.IV, to S.E„ and in others, particularly alonir 
the coasts of Norway, from N.E. to S.W. ; nil these facts being- recorded 
on a map, -which is a most valuable document. 

Since Seffitrom's work was published, M, Bdbtling-k, a young Russian 
naturalist of great promise, but, alas I prematurely carfied to the grave, 
extended his researches to the northern territories of Russia. Observing 
that the dominant direction of the scratches in parts of the governments 
of Olonets and Archangel was from N. to S., and that along the edges of 
ihe Botlmian Gulf tlieit course was from ^V. to E,, he passed the summit 
level of Russian Lapland, and found that there the drift had no longer been 
transported from X. lo S., or from N.AV. to S.E., but, on the contrary, 
from S.E. to N.^^^ ; lit, in other words, that the blocks of Lnplnnd had 
been carried northwards into tlie shores of the Polar Sea. In a recent 
letter lo Mr Lyell, read before this Society, Professor NorJenskiold has 
accurately recorded the phenomena of this class observed by liim tn 
Finland, and he shews that there the blocks and stride proceed from 
N.N.W. to 8.S.E. 

The tlicory of Scfstrbm and hin followers ia, that a great flood, trans- 
porting gravel, sand, and boulders, wn& impelled from the north over pre- 
existing land, and that the deviations from the X. and S. direction are 
due only \a various promontories by which the flood was deflected. So 
convinced was this author that with local aberrations all the transport 
throughout the whole of Europe had taken phicc from north to south, 
that he not only trnvelled over the whole of Germany, and saw nothing 
except materials streaming in the same direction, but even carried with 
him his northern drift into the Austrian and Bavarian Alps. 1 will not 
waste your time by pointing out the errors into which his hj'pothcsiS) 
though fbuuded on data good within a limited radius, led this author. 
Kvery one who baa studied the Alps (and the facta were well known 
before the days of glacial theories), is perfectly aware that the detritus 
on thoit flanks has been shot off eccentrically from the higher central 
masses. Tbe observations indeed of Biihtlingt give the same result 
upon H very grand scale in the north, and explaiu what Sefstrom, with 
idt his valuable labour, had left unknown, viz. that the Scandinavian 
moiuitaitiB, as a whole had produced exactly the same detrital result as 
the Alps, having poured ofT their detritus in all directions /rvni a common 
ceitlre, the northern chain differing only from that of central Europe, 
by the much wider range lo wliicb its blocks and boulders were trans- 
piittcd. 

My own belief. Gentlemen, as you know, has been, that by far the 
greatest quantity of boulder-^, gravel, aud clay distributed over our 
tag, and occiipying; the aides of our estuaries :ind river bank^, waSiH^ 
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enmulated beneath the watere of fonner days. Throughout large tracts 
of Eugland ire can demonstrate this to have been the case by the collo- 
^tion of marine shells of existing species with far transported materials. 
It was the association of these testacea with foreign blocks in the cen- 
tral counties of England which first led me to attach a new and sub- 
stantial value to that view of glacial action which had been so well ad- 
vocated by Mr Lyell before Professor Agassiz came forward with his 
great terrestrial and general theory. I am bound to say^ that wide re- 
searches during the last two years have strongly confirmed my early 
views.* I could not travel, in the autumn of the year 1840, around the 
shores of the Highlands of Scotland, without being convinced tliat the 
terrace upon terrace, presented on the sides of some of the great valleys, 
and often high up on the sea-ward hills of the bays opening out to the 
ocean, were nothing more than the bottoms of former seas and estuaries 
which had been successively desiccated. 

I coincide, therefore, entirely with Mr C. Darwin in his very ingenious 
explanation of the probable formation of the parallel roads of Glen Roy 
(Phil. Trans., 1830, p. 39). Since then, that excellent observer has 
borne out similar views in a paper read before our owa Society. In this 
memoir, estimating the different changes of the sea and land, and shew- 
ing to what extent the solid strata were depressed, whose relative histories 
he thus reads off, he traces the shingle beds from the edge of the sea, 
where they are in process of formation, to considerable heights inland ; and 
estimating how blocks were transported from the great Cordillera within, 
or not long before the period of existing sea shells, he explains the far- 
transported boulders by their being carried to the ports where they 
lie in vessels of ice. The melting of these icebergs he conceives to 
have been the chief agent in forming such masses of clay, gravel, and 
boulders, as constitute the " till" of Scotland ; whilst the confusion and 
contortion of their imperfect strata is considered by him to be necessarily 
due to the grounding of icebergs in the manner formerly suggested by Mr 
Lyell. To the same powerfully disturbing agent he attributes thegenecal 
absence of organic remains in these deposits ; and, lastly, he infers that 
it is much more probable that the great boulders were transported in ice- 
bergs detached from glaciers on the coast, than imbedded in masses of 
ice produced by the freezing of the sea. 

M. de Vemeuil and myself had previously brought before you some 
new results, arising from our first expedition to Russia. We endea- 
voured to shew the utter inapplicability of the Alpine glacial theory to 
vast regions of Northern Russia, though the surfaces of the rocks are 
scored and polished, and far-travelled blocks occur throughout a wide 
area in isolated groups, because much of this detritus has travelled over 
extensive tracts of low country, from which it has ascended to levels 
higher than- the sources of its- origin. Hence we inferred, that the on- 
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* See Silurian System, p. 536. . ^ 
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waiil persuitcut march (izi many paits up-hill) of a bodjof glacieis, hav* 
lag a front of inaiij huodred milca in extent, is iirccODcileable with VKJ 
iaiBgfinabIa subaerisl action. On the other hand, U vaa proved, by ths 
presence of sea shells of an arclic chanictet, that the " term flrma" to 
which some of the blocks had been traOEportcd, bad been the bed of the 
Norllieni or glacial Se» ut the period of this transport. We then at- 
Umpted to explain how the parallel strite and polishing of the surface of 
rocks of unequal altitude was reconeileable with the tubmarine action of 
ice, by supposing tliat the ice floes and their detritus might be set in mo- 
tion by the elevation of the Scandinavian continent, and the consequent 
breaking up of great glaciers on the northern shores of a sea which ihoa 
covered all the lint regions of Kussia ; and we further stated our belief^ 
that the bottoms of these icebergs, extending to great depths, must h&vg 
every here and there stranded upon the highest and most uneven poinU 
(if the bottom of the sea into which they floated ; that where the bottooi 
was hard rock, the lower surface of the icebe^, like the lower surfcce 
of a gUtcier, would grate along and score and polish the subjacent mass ; 
Ihat where the bottom consisted of tenacious mud or claj', the iceberg 
once ftiirly stranded would he retained till it melted away, entirely or ia 
part, whilst it would be more frequently borne over sand-banks, on ac- 
count of their less resistance. In this munnet, we endeavoured to ex- 
plain not only the scratches and polish of hard submarine rocks, but aUo 
why large blocks arc often found on former submarine hills, and why (id 
Russia at least) such blocks are more frequently associated with cky 
than sand. These views were indeed first expressed at the Glasgow 
meeting of the British Association, when I strove to reduce a large por- 
tion of the Alpine glacial theory to considerations depending upon the 
foot, that during the (era of the dispersion of the large blocks, by &t the 
greater portion of our continents were beneath the sea. 

Mr Maclaren, to whom I have already adverted, has recently improved 
this view, by shewing how the parallel scratches and grooves rangingfrore 
N.NW. to S.SE., and the dispersion of blocks in that direction, are re- 
concileablc with the union of currents from the N., set in action, as above 
supposed, by a great pobr elevation which acted as a " centre of dispcr- 
^on ;" but, as the author adds, a broad current would also set continually 
tastward along the immersed regions included in the temperate zone ; 
and hence, he says, that when the icebergs were drifting southwards 
from the poles, they would naturally be carried to the SE. by a stream 
compounded of the tfro currents. After reasoning upon the wide appli- 
cation to which the view of floating iceberg- action is capable, and bow 
many of our present terrestrial appearances it will explain, Mr Maclaren 
adds, "Mr Murchiaon's hypothesis, if adopted, does not exclude that of 
AgasBJz. On tlie contrary, it may be assumed, that while the glacial 
oonditioD (which caused the great tccumulation of ice in the northern 
regions) continued, every mountain chain, which that had an eleratton 
of BV" ""OOO feet above the sea, would be enonisied with ice, petbig^^ 
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is ikt 8<Hith as the latitude of 40^. Eaeh of tbese would be on a small' 
Male wbat tbe polar nucleuj was on a j^ieat scale^ a eentre of ditpev* 
Mod* 

" In the memoir upon Russia by M. de Vemeuil and myself^ one obser* 
tation^ liowever^ oocurs^ which has not found its way into the abstracts* 
and which^ therefore^ I may advert to, as explaining why the rough do* 
Iritus of mud, sand, clay, and boulders so very seldom contains marine 
temains. Such heaps are made up of materials, which we consider to 
have been imbedded in a true terrestrial glacier, and therefore, though 
detached, and floated to a distance, they never could afford more than 
terreHHal detritus ,* and if to this be added the consideration of how the 
Stranding of such masses would destroy animals in the vicinity, as sug* 
gested by Darwin, we may rationally conceive why so few shells have 
Been discovered in this coarse detritus, whilst we readily perceive why 
the stones impacted in it should be scored and striated, and often polished* 

Besides the great advancement of our knowledge of terrestrial magne- 
tism, which at some future day may be connected with our labours, the 
Antarctic expedition, under the distinguished navigator Captain Jamea 
^oss, has, as might have been expected, thrown considerable light upon 
the glacial theory. A few years only have passed since the existence of 
an enormous mass of ice-clad land in the antarctic region, was announced 
by an American squadron of geographical research. This great icy tract, / 
which was described as exhibiting hills and valleys, and even rocks upon 
its surface, has entirely disappeared in the short intervening time ; for 
Captain Ross has sailed completely through the parallels of latitude and 
in the same longitude which it was said to occupy. As we cannot sup- 
pose that the American navigators were deceived by atmospheric phenol 
ibena, so must we believe that what they took for solid land, was one oi 
the enormous accumulations of ice called '* packs," the great source of 
those enormous ice islands which periodically encumber the Southern 
Seas. 

Continuing his progress towards the South Pole in almost open sea, 
daptain J. Ross discovered, as he proudly says, '^ for the honour of Eng- 
land," the southernmost known land, which he named Victoria, and which 
lie coasted for more than 8 degrees of latitude. This land rises in lofty 
mountain peaks, from 9000 to 12,000 feet in height, perfectly covered 
with eternal snow, from which glaciers descend, and project many miles 
into the ocean, terminating in perpendicular lofty cliffs. The rocks which 
could be examined were of igneous origin, and near the extreme south 
point of his exploration, or in S. lat. 77° d2', long. 167° E., a magnificent 
Yolcano was seen in full action, emitting flame and smoke at an altitude 
of 12,400 feet. Further progrress to the southward was then impeded by 
an enormous barrier of ice, or glaciers 150 feet high, which stretched from 
W.N W. to E.S.E., and which the bold seaman traced in continuity for 
too milet, to long. E. I^l"" 23', and Ut S^ 78°. That this barrier was a 
troe glacier was inferred from the existence of a very lofty chain of ntoun- 
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lUQS behind il, the tops of wliich, as seen from the masUheadsj wete eati- 
lated to be a d^ree of latitude tu the south of the sea-fucu of this great 
trail of ice, at not mote than half a mile from whieh the soundings weK at 
318 fathoms deep, and upon a bed of blue soft mud. }Iere, then, the gfo- 
logist b presented 'wilh abtindnut matter for spei^ulation. Yolcauos ia tlie 
midst of clemal polar snow aud glaciers, with seaward faces ax wide as 
some of the continental trncts, whieli, from the striie and polish on their 
■urfitce, and die wide dispersion of blocka nud detritus, are supposed lo 
have been affected by former terrestrial glacial action. Whilst, however, 
we have here the proof that existing glaciers advance some few miles into 
the sea, we arc also informed that the ice ceases stiddeol}' ngainst an ocean 
2000 feet deep, and thus wo are led to conclude that many glaciers, which 
may formerly have extended themselves into the sen, had a length, tho 
extent of which, whether like this antarctic e^imptc, or those wliich 
have been measured in the Alps, was proportioned to the altitude of the 
ancient mountains against which they rested B\ the aaine reasoning we 
may infer thai the striec and polish of rocks, or accumulation of coarse 
detritus, and large blocks which are only to be observed in places iai: 
beyond the limits that ore now estiLbh«ii'>d bitueen mountains and their 
depeudcDt masses of ice, cannot be due lo the advance of former solid 
glaciers, but must rather he referred, as I have argued, to the floattnj; 
away of vast packs and icebergs liberated from ceatret o/ congelation. 

Bnt beEidcB the submarine operations now in action, and which may 
serve to explain most of onr ancient phenomena, it has been Ehewn 
that in Russia and other cold countries there are several actual sub- 
agrial processes, by which large blocks arc accumulated at different 
heights by the expansion of the ice of rivers, or have been piled up by 
the glacial action of former lakes, when at much higher levels,* leaving 
lines of coarse angular blocks. 

I desist, however, in this place from entering further into the many fcji- 
tures under which the existing agency of ice maybe viewed apart from the 
results of the movements of glaciers. More than enough has indeed 
already been said ; for so long as the greater number of practical geo- 
logiats of Europe are opposed to the wide extension of a terrestrial 
glacial theory, there can be little risk that such doctrine should take loo 
deep a hold of the mind. But whilst we may have no fear of this sort, in 
Europe, I have lately read with regret certain passages in the Anniversary 
Discourse of Professor Hitchcock of the United Slates. In North Amc- 

ca, striated] scored, and polished surfaces of rocks, proceeding from M. to 
S. fbr vast distances, occupy, it appears, at intervals a breadth of 2000 
miles, and arc seen on hard rocks at all levels from the sca-shorc lo heighln 
of 3000 and 4000 feet. Professor Hitchcock tells us, lliat these phcnu- 
a snd ths accumulations of gravel and blocks had always been in- 
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explicable^ until the work of Agassiz unexpectedly threw a flood of light 
i^n his mmd.* If Professor Hitchcock could demonstrate what he now 
seems to believe^ that the great mass of the continent of North America 
was formerly covered with ice^ he must first prove that it was not at that 
period below the level of the sea ; but as yet no facts are before us to 
lead us. to doubt that the great accumulation of detritus and the trans- 
pott of blocks did take place beneath the waters in that country. In 
justice^ however^ to this author^ it must be said^ that in expounding the 
glaciai thecHy he ingenuously acknowledges the great difficulty of beHev- 
ii^ that solid masses of ice 3000 to 4000 feet thick, covered the whole 
R|^on ; that no action of a glacier will explain the persistent striation of 
the surface of an entire continent from N. to S. and that the direction 
of the boulders and the stride is to a great extent up-hill. When these 
and many other difficulties shall have been carefully weighed, our trans- 
atlantic friends may be disposed to modify their views, particularly when 
they find that the existence of glaciers in Scotland and England (I mean 
in the Aljune sense) is not yet^ at all events, established to the satis- 
faction of what I believe to be by far the greater number of British geo- 
logists. 

The presence of Mr Lyell at this time in North America, is indeed 
most opportune, for whatever changes his mind may have recently un- 
dergone, no geologist has more strenuously laboured to make hhnsclf 
master of all its bearings^ or more systematically enlarged our knowledge 
of this disputed subject. Possessing &s he now does the advantage of 
observation on a vast scale, I have little doubt that he will account for 
the vnde dispersion of blocks in America from N. to S., by referring to a 
cause quite as general and quite as aqueous as that by which he originally 
sought to explain the phenomena in Europe.t 

Although the consideration of this subject has already carried me beyond 
the limits I had prescribed to myself, yet I cannot quit it without re- 
minding you, that the greatest geological authorities on the Continent, 
led on by Yon Buch who has so long studied these phenomena in his 
native land, are opponents to the views of Agassiz. Even whilst I write, 
I find that M. de Beaumont has just communicated to the Institute of 
France^ a report on the results of a journey through Lapland, Finland, 
and the north of Europe, by his countryman M. Durocher,in which, group- 



* Amiiversary Address. Philadelphia^ April 1841, p. 24. I must be ex- 
cused for stating that Professor Hitchcock has entirely misconceived my view, 
when he places my name among those who had espoused the Alpine glacial theor}% 
My efforts have been invariably directed towards its limitation, nay^ to its entire 
rejection, as applicable to be by far the largest pc^tions of the surface of the 
globe, 

t See Principles of Geology, 2d edit, vol, i. p. 342 ; and Elements of Geology;, 
1st edit. p. 136. 
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ing fhe facta with great perspicuity, he handles the wliole subject with 
his usual master's hand, and points out the value of the pceTious obser- 
vations of Von Buch, Bcongninft, and other writers. M. Durocher con- 
ceives that the phenomenon of the transport of erratic matters has pro- 
ceeded from two suceessive nnd distinct operations : the first a great cur- 
rent from the pole, to which the strite and polish of rocks, and the de- 
posits called OsarB, are referred; the second, the transport of the distant 
blocks by vessels of ice, when all that part of Europe ivhich they cover 
was subjected to the immersion of an icy sea. He does not agree with 
M. Bohtlingk, that the point of departure of the current can be placed in 
Lapland, hut supposes it to have proceeded directly athwart thoas 
regions from the pole *. But the point to which I now especially ad- 
vert is, that in his skilful nnnlj-sjs of this memoir our eminent foreign as-' 
Eociatc admits floating ice as a oem causa to explain the drift of blocks, 
just in the sajne manner as in common with Lyell, Darwin, and others, I 
have been endeavouring to explain Clie phenomenon during the last three 
years, and thus the inference which wos drawn from plain facts is ad- 
mitted, viz. that the chief tracts covered by erratic blocks were under the 
tea at the period of their dispersion. (Sil. Syst. p. 6313.) 

Thus far had 1 written. Gentlemen, — in short I had, as I thought, ex- 
hausted the glacial subject at ail events for this year, — when two most 



* M. Dupoeher bus madB two valuable ubaervalionn, in shewing us th«t tb« 
striated bdJ poljahed eurface of the hard rocks ia aometimeH covered by accumu- 
latioQi of sand and detritus : and that although proceedtiig in a general wan 
{icaa the north, the funhest transported blocks are bo distributed as to indicate 
radlalim from rerlain mineralogical centres, much in Ibe Bsme way as our blocks 
of Shap sraoite have, on a less scale, been scattered from one point of distribu- 
tion. In stating, however, that, in the progress of these transported mosses lo 
the south, grauitic blocks aluiLys constitute tlie outermost ESne, it appears to Ri« 
that M. Dnrocher has generalised beyond the field of his own observation. In 
Bnssia, for example, M. de Verneuil and myself traced greenstone blocks to the 
ume southerly latitudes as granites. The blocks between Jurleviti and Nijny 
Unvogorad are composed of quartx rock, and of the peculiar trappaan breccia 
known in Russia an " Solomon skoi-kamen." the parent rocks of which wa ei- 
amined fa iitu near reti'Biowodsh (Geol. Pcoctediogs, vol. iii. p. 405). whilst ths 
extreme boundary of these boulders eitoods to Oarbilof on the Okka, 8.W. of 
Kijny Novogorod, and consequently very fur beyond Koslroma, the limit assigned 
to them liy M. Durocher. Again, if M. Durocher prolongs the northern drift to 
the flanks of the Ural Mountains, he is decidedly in error, fbr there is no coarse 
detritus whatever on the flanks of that ch^n, whether derived from the north or 
flfom itself. Ofthe Ti:kor«oi-Zim, or black earth of the central regions of Rus- 
sia, to which, quoting Baron A. da Meyendorf, M. de Beaumont refers in a long 
oute, I will now only say, Ibot having studied the nature and extent of this singu- 
lar deposit over very wide regions, I intend, with the help of my fellow -travel- 
lers U. de VeroeuU and Count Keyaerling, to lay before the public very sbortlj 
a tkitcb of Hs relations to the northern drift tnd other cuperflda] deposit* a^_ 
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ynett pot into m j hands. The fint of iheM ia the 
diseouno of my ptede ee gwn, irho hu so modified his fint Tiews, that I 
easnot but heartily congratukte the Society on the resalts at which he 
has now arrived. I rejoice in the prudence of my friend^ who has not per* 
nitted the aqfuments of the able advocate to appear as the sober jtidg- 
mtat joi so distinguished a President of the Geological Society. In &ctj 
itis nowplain that Dr Buckland abandons^ to a great extent^ the theory of 
Agassiz^ and admits fully the e£Pects of water as well as of ice^ to account 
for many of the long-disputed phenomena. Whilst this admission involves 
thtt Gonoession for which we have been contending, viz. that the great 
KU&ces of our continent wore immersed, and not above the waters, when 
bj far the greater number of the phenomena on the surface of rocks 
was produced^ I reject for those who entertain the same opinions as my- 
1^, the simple division into '' glacialists" and '^ diluvialists/' into which 
Dr Buckland has divided the combatants on this question ; for to what- 
ever extent the former title has been won by Agassiz and himself, we who 
have contended for the submarine action of ice in former times, analogous 
to that which we believe is going on at present, can never be merged 
with those who, under the name of diluvialists, have Contended for the 
rash of mighty waves and waters over continents. Besides glacialists 
and diluvialists, my friend must therefore permit me to call for a third 
class^ the designation of which I leave to him, in which some of us desire 
to be enrolled who have advocated that modified view to which the gene- 
fal opinion is now tending. 

The other point to which I allude, and bearing at once on this view, ir 
a discovery which our Librarian has just made without quitting the apart*' 
ments which he so truly adorns. In the American Journal of Science for 
the.yeax 1826, Mr Lonsdale has detected a short, clear, and modest state- 
ment, entitled " Remarks on Boulders^ by Peter Dobson," which, though 
Uttle more than one page in length, contains the essence of the modified 
glacial theory at which we have arrived after so much debate. First de- 
teribing in a few lineiS the manner in which large boulders, weighing from 
ten cwt. to fifteen tons, were dug out in clay and gravel, when making 
the foundations for his own cotton factory at Vernon, and seeing that it 
was not uncommon to find them worn, abraded, and scratched on the 
lower side, " a* if done (to use his own expression) by their having been 
dragged over rocks and gravelly earth in one steady position" he adds this 
most remarkable sentence : — " I think we cannot account for these appear- 
ances, unless we call in the aid of ice as well as water, and that they have 
been worn by being suspended and carried in ice over rocks and earth under 
water" To shew also that he had read much and thought deeply on 
this subject, Mr Dobson quotes British authorities to prove^ that as ice- 
floes constantly carry huge masses of stone, and deposit them at great 
<U8tan.ces from their original situation, so may they explain the transport- 
ation of foreign boulders to our continents. 
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Apologizing, therefore, for liaviiijf detaiued you loug-, and for baving 
previously too roucb exteudcti ti similat modt of reasoning, I lake leave 
of tlie glacial theorj in congratulating Amerionn science in having poa- 
sesfled the original author of the best g-lacial theory, though his name liad 
escaped notice ; and in reoommendtng to you the terse argument of Peter 
DobaoD, a previous acquaintance ivith which might liare saved volumes 
of disputation on both sides of the Atlantic. 

In the mean time, however, we may account for the tjTinsport of bould- 
ers, the striation and polish of rocks, and the accumulation of superficial 
detritus, we cannot quit the glacial subject without avowing our obliga- 
tions to Vencts, Charpcntier, and Agassiz, and above alt to the last, for 
having brought tlic agency of ice more directly into consideration as ii 
iwrfl causa, to explain many plienomena on tlie surface. Even wc who 
differ from Agassiz in his generalizations, and have not examined the Alps 
siuee the theory was propounded, should not liastily adopt opinions which 
may be modified after a study of the g'lacicrs i» situ. " Come and sec" 
is the bold challenge of the Professor of Neuch^tel to all who oppose him, 
and sanguine as to the correctness of his opinions, he m certain that many 
will be converted if they would but observe the phenomena on which his 
views are based. Truly we must acknowledge, that he was the first per- 
son who roused our attention to the effects produced by the bottom of an 
advancing ghcier, and if geologists should eventually be led to believe, 
that certain parallel scratches and strlsc on the rocks were in some in- 
stances due to glaciers moving overland, but in many other cases were 
produced by icebergs, we must remen^bcr that tlie fertile mind of Ags 
has afforded us tlie chief means of experimentally solving the problea 
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Tbis instrument was formerly exhibited in the year 1827, 
and was then honoured with the approbation of the Soeiety 
of Arts, and a medal awarded. Since that time it has been in 
constant use, and I have found it of the greatest service in 
numerous and extensive surveys which have been laid down 
by it. Having been lately requested by Mr Buddie, the dis- 
tinguished mining engineer in Newcastle, to superintend the 
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constniction of a similar table for him, this has now been ac* 
eomplished in a very superior style, having been commenced, 
and the principal parts formed, by the late Mr Dunn, optician 
here^ the irame-work and other parts of the table by Mr 
Sandeman, cabinet-maker; and the whole completed by Messrs 
Adie and Son, opticians, and with a degree of accuracy and 
perfect workmanship which is highly satisfactory. 

The principle of this machine consists in having the sheet 
or table on which the survey is to be laid down moveable 
round a centre, whereby it can be set to any required angle ; 
while the straight edge or ruler for drawing or laying down 
these angles remains in a fixed position as to the angles, but 
capable of having a parallel motion across or throughout the 
sheet. Hence the instrument consists of three essential 
parts. 1^/, The circular table or drawing-board on which the 
sheets for laying down the surveys are fixed. 2e/, The pro- 
tractor or diVided cu*cle on which the degrees and minutes 
are accurately marked ; and, 3(/, The parallel ruler and straight 
^g^ l>y which the angles are drawn to any degree or minute, 
and from any point throughout the sheet on which these angles 
may have been taken during the survey. The whole apparatus 
of table, protractor, and parallel ruler, are set on a frame which 
can be elevated to any angle for the convenience of working. 
See perspective view. 

The board or table consists of a strong mahogany framed 
circular drawing board, 3 feet 1 inch in diameter, |ths of 
an inch thick, calculated to receive a sheet of the common 
atlas drawing paper 33 inches by 26, which being fixed down 
along the edges by paste or gum, is stretched out to a smooth 
and even surface. 

The protracting circle extends round the circumference of 
the drawing board, and the great advantage of this arrange- 
ment is, that the degrees and minutes are formed on so large 
a scale that they can be readily distinguished by the eye, and 
laid ofi^ with the greatest expedition as well as accuracy. In 
the original instrument, this circle was formed by a circular 
plate of brass laid along the circumference of the drawing 
board ; but in the present instrument, Mr Dunn has introduced 
an entire circle or wheel of brass extending from the centre 
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to the eircuni lite lice, uud tbf intermediutt: spaces coiiDectod 
by bra^s of open frame-work, See plan of framiug and brass 
heel. The exterior circle has been very accurately divided 
by Mr Adie on his dividii^ engine into degrees and half da- 
yrees, and these again by a nonius mto minates, each of whick 
is most easily distinguishable by the naked eye. Tho iiistm- 
ment can be set by the hand very nearly to a minute ; but for 
greater accuracy, there is a tangent screw by which this can 
be accomplished for very nice purposes, and which, by a 
simple and ingenious arrangement, can be at once attached or 
detached at pleasure. 

The parallel ruler forms a peculiar feature in this rnstrn* 
ment. lu other methods of protracting, this is shifted about 
to different parts of the paper, and to different angles, whereby 
it becomes difficult to preserve the parallelism with accuracy. 
In the present instrument, the ruler continues invariably on 
one parallel or nu-ridian, while the various degrees of angular 
deviation from the meridian, as already stated, are produced 
by the rotation of the whole board round its centre, and the 
parallel ruler at the same time ranging with a parallel motion 
over the whole extent of the board, the angles can in this 
manner be transferred with readiness to any part of the plan. 
Tbe ruler being thus fixed in angular position, its parallelism 
can be preserved with great accuracy, and this is done hy 
means of a roller fixed in the centre of the frame to which the 
straight edge is attached, with a toothed wheel fixed at right 
angles to the roller at each extremity ; these wheels running 
in two brass racks fixed in fi'ames at right angle!> to the roller 
on each side of tbe board. These wheels and racks being ac- 
curately divided and cut, we obtain a degree of parallelism in 
the instrument which is almost perfect, and which could not 
be obtained so simply by any other means that I am aware of. 
So long as the wheels continue to traverse in the same teeth, 
there can hardly be an error in the parallelism to the extent 
of many seconds. Now, the weight of the ruler preserves th« 
wheels in the same teeth ; but should any accidental motion 
or concussion of the instrument drive them out of their true 
position, the error is soon intimated by a want of correspon- 
(nue in the diflerent angles which form a check to one an- 
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ottber, and then the error can at once be adjusted by a standard 
hdez on the frame by which the ruler is brought back to its 
arigmal jKisttion. Should the wheel start upon the rack only 
(me tooth, it would produce an error of only 5 minutes on the 
ingle. The weight of the ruler and wheels is balanced by two 
eouBter-weights. 

The great advantage of this instrument consists in the fa* 
eDity and accuracy with which the numerous angles that occur 
in extensive surveys can be laid down. In many cases, I have 
seen 60 or 60 angles taken from one station in a system of 
triangolationy all laid down in the course of a few minutes, 
ttd the angles from different points meeting and intersecting 
one another with an exactness truly surprising, and almost 
mailing the accuracy of a trigonometrical calculation. This 
instrument, therefore, must be of great use in laying down 
ttinreys generally ; and more particularly, all those surveys 
BOW so general which are carried on by a system of trinngula-- 
tion. In all extensive land surveys, I have long since intro- 
duced this system, and with great advantage, both as to ex- 
pedition and accuracy. In county surveys it is indispensable, 
and also in those surveys for marine engineering and hydro* 
graphical purposes, of which a very interesting account has 
just been given by my esteemed friend Mr D. Stevenson, in his 
recent work on marine surveying. But above all, I should 
think the use of this instrument would be invaluable in those 
extensive trigonometrical surveys of Britain which are now go^ 
ing on under the Board of Ordnance. The great triangles in 
these surveys extending often to 60, 60, and even 100 miles be* 
tween the different points, must necessarily be calculated by tri- 
gonometry, and still require all the resources and refinements 
of that perfect science ; but for all the subordinate stations, 
comprehending those whose distances do not exceed 6, 8, or 10 
miles, I am satisfied that an instrument of this kind would 
prove of essential service in filling up the details and expedit- 
ing the laborious operations of that great work. 

Geobqs Buchanan. 

Edixbubob, 2lgt February 1842, 
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Oeneya/ View of the Geological Structure of the Alps. Dy M. 
Studee of Beme.* (With a Section.) 

I'ht/»iog>iomif of the Surface. — An old theory, very generally 
received, and still much believed at the present time, because 
it rests on the authority of Ebel's work, represents our Alps 
as composed of paridlel chains, placed one above another, ac- 
cording to their heights, in such a manner that the hi^eet 
occupies the axis of the system, and, with the esLL-eption of 
some Cols, is covered, throughout its ivhole extent, with per- 
petual snow. Some of the most frequented passes of the Alps 
are, it is true, of a nature to favour this view ; and the mind, 
always more or less systematic, easily persuades itself that it 
is the same water-shed which we pass from south to north, 
whether we cross the St Gothard, the Brenner, or the Tauern 
of the Tyrol, We only require, however, to cast a glance over 
a map of Switzerland, in order to convince ourselves that the 
case is diflferent in reality. In many instances a traveller 
would be much puzzled if he were asked on what side of the 
central axis be was. i would instance as an eiiauiple the Ma- 
liija in the upper Engadine, where, from the Maiia, which 
flows into the Po, we arrive in a few minutes at the lake of 
Sils, whence escapes the Inn, without taking into account the 
source of a third stream, also neai- at hand, which runs into 
the Hbine. Here, therefore, we have the true water-shed of 
the Mediten-anean and the North Sea ; and, nevertheless, the 
mountain inass which supplies these sources has nothing re- 
markable about it ; it has only a few patches of snow on its 
fiummit, whereas, to the south, rise the immense peaks of 
the Bernina, covered with glaciers, and rivalling in heiglit 
the loftiest elevations of tlie Bernese chain. A traveller pro- 
ceeding from the Grirasel to Viesch by the glacier of Oberaai-, 

* Tbis valuable suiumarf of the gealo^)' of the Alps ia taken bam the 
liihliotiiique UiavcrielU <fe Gtnivc, No. 7S, and owes its origin to ft lectliro 
given "by M. Stad(!i to the party of naturalists asBembled last summer at tlie 
Hospice of the Qrimsel. The esBaji is founded on tlio notes luken at the 
lime by M. E. Desor, but irns revised bv M. Slttder, who likewise fonuBbad 
lUc exolAimtary aoclion, — HDiTOit. ^^^ 
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that is to sKy, from the sources of the Aar to those of one of 
the tributaries of the Rhone, and on the following day crossing 
the Simplon in a comfortable cnrriago, would not fail to be- 
lieve that it was during his first dayV journey that he had tra- 
the water-shed, and had passed the central eliain. The 
le traveller would form a very different opinion, if, in order 
reach Italy, lie had the first day crossed the Gemmi, and the 
second the Col of St Theodiile. 

A profound study of the system of the Alps has caused M. 
Studer, and all the geologists who have examined the Alps with 
to abandon the idea of a central cliiiin flanked by parallel 
indary chains. According to M, Studer, the Alps are di- 
*«ded into groups, forming so many distinct central masses, 
which run, for the most part, in the same direction, but wluch 
fiequently, in relation to one another, follow an ohli<iue course, 
or are arranged like the squares of a chess-board around a 
central axis, nearly similar to the different ci-ater- cones be- 
longing to the same volcanic zone. The intermediate spaces 
between the central masses contain pai'ticular formations, 
whose structure and mineralogical nature are related to those 
of the principal masses ; it is in these formations that the most 
of the interior valleys of the Alps aie hollowed, and it is to 
these that the greater number of the Cols correspond. The 
Kecondary formations, such as the limestones, the slates, and 
the sandstones, stretching along the northern edge, and partly 
along the southeru edge of the high Alps, are intimately con- 
nected with the formations proper to the interior valleys ; wit- 
ness, for example, the rocks of the valleys of Frutigen and of 
(iessenay, which continue without interruption into the \'alais, 
stretching to the east, by the NufTenen, as fai' as the southern 
tide of the St Gotliard, and to the south, by the Great St 
Bernard and the neighbouring rocks, into Piedmont. In the 
same manner also, the limestones and the slates of Coire and 
of Prettigau, extend to the south over the axis of the Alps, int» 
the Upper Engadine, and as far as Bormio, to unite themselves 
with the limestones of the Alps of Lombardy, after having, 
traversed the whole Alpine system. 

In the present state of our knowledge, it is not possible tei 
determine the limits of all the central masses of the system o^ 
roi.- xjxiii. MO. /.xv.— jii.Y 1842. 11. 
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the Alps. We are able, however, to recognise six principal 
masses or groups m the portion whicli is more immediately in 
our neighbourhood : — 

1. The group of Mont Blanc, stretching from the Col du 
lionhontme to Salion in the Valais, and limited by the valleys 
of Chamouny and of Entreves. 

2. The group of (he Aiguilles Bouges, situated more to the 
north, commencing near Servoz, and terminating near Lavey, 
above the Denl de Morcles. 

3. The group of Ihe Dent- Blanche, which rises from the bot- 
tom of the Vol (PAnnivier, attains its culminating point in 
tlie peak called the Deut Blanche, and is prolonged obliquely 
through the middle of the valley of St Niuholus towards the 
Simp Ion. 

4. The group of Mont-Bosa, which lies to the east of iJie 
last, and stretches towards the soutliern portion of the Simp- 
Ion, and probably also into the Canton Tessin. 

5. The group of St Golhard, extending from the Upper 
Valais to the vicinity of Trons in the valley of the Vorder 
Rhine on the north, and bonnded on the south by the valley 
of Airolo, 

6. The group of the Fins teraar horn, the largest of all, and 
that which exercises the most preponderating influence on the 
relief of the surface of Switzerland. The pass of the Gemnii 
and that of Kisten to the east of the Tiidi, may be regarded as 
its extreme limits. The Col of the Grimsel, from Iragruud 
to Obergestelen, and the road of the St Gothard from Amsteg 
to Urseren, traverse it in its whole breadth. The vicinity of 
the group of St Gothard, and the distance of the other groups, 
produce the remarkable symmetry of the Swiss Alps to tlie 
east and west of the St Gothard. 

Mica-elate, gneiss, granite, SfC. — The groups just enumerated 
are remarkable, not only on aticount of the immense glaciers 
whichtheyfeed, and whose study has acquired such interest from 
the labours of Charpentierand Agassiz, hut also from the nature 
and structure of tiieir rocks. Their principal mass is com- 
jiosed of rocks formerly called primitive, viz. of mica-slate, of 
gneiss, of protogine, and of gnetssitic granite. The direction 
of the beds, which arc fjcnerally highly inclined, is conform- 
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alile to the direction of the central mass. On the two sides, 
the beds dip towards the centra) axis, and tlieir incIinatioQ 
becomes more considerable as we ascend the flanks, ontil 
they are completely vertical. The arrangement maj' he com- 
pared to a fan, open towards the summit. The rock compos- 
ing the vertical l»da is generally n gneissitic granite, — Uiat is 
to say, a rock 30 much approaching to true granite, that we 
L ton only see the structure on the great scale, and when we 
\ examine it from a distance. In the inclined beds of the 
} ^ks, gneiss alternates with other rocks, and we have fre- 
quently layers several thousand feet thick. Sometimes also 
the gneissitic granite makes its appearance there as a subor- 
dinate iTick. In ascending the valley of Hash, we see the 
beds of gneiss and of miea-slute, which form the walla of the 
voUey, dipping to the south as far as above Outtanen, where 
they give place to a gneissitic granite whose strata gradually 
become vertical. Near to the Hospice, and at the summit of 
the Col, the rock has completely the aspect of a true granite ; 
its beds are vertical ; and it is not until we descend towards 
Obergestelen, that we see, though in an indistinct manner, 
the strata dipping to the north. This northern inclination if 
observable in a more distinct manner at many points of the 
pass of the Furka, and in the Galcnstock, as seen from th« 
summit of the Col of the Grimsel. 

De Saussure, and, after him, Necker, have recognbed this 
faa-sbaped structure in the group of Mont Blanc ; Eaeher de 
la Liuth, sen., observed it in St Gothard ; and, lastly, it is 
displayed in a striking manner in the beautiful sections which 
M, Lardy has published of the rocks of St Grothard. 

Fl;/sch, S^c. — The rocks which occupy the space between 
the different groups are pretty generally distinguished by 
their regulai'ity. The prevailing rock is the Fft/sch, that is 
to say, a grey or black slate, effervescing with acids, often 
siliceous and passing into a dark-coloured sandstone, and of a 
large slaty structure ; at other times very calcareous, and so 
much so, as to deserve tlie name of calcareous slate. All 
these varieties of flysch alternate with one another, and somee 
times coutain large calcareous or dotomitic beds, which are 
^^^uently acuompuuied by masses of gypsnra. In the Griaona i 
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tliey contain t'uci, which seem identical with F. intricatue 
Brongn. j also belemnitea, which it has not yet heen possible 
to identify ; and rings of pentacrinites. The helemnites are 
pretty frequent in the slates of the NufFenen. M, Lardy pos- 
sesses an ammonite from the slates of Salvent, which is be- 
tween the group of Mont Blanc and that of the Aiguilles 
Sffitges ; and the same species occurs in the middle or coralline 
jura strata. Impressions of ferns, which cannot be distin- 
guished from those of the coal, have been met with in slates 
and sandstones on the western side of the Deiil tte Morctes, 
on the Col de Balme, in the Tarentaiae, and in Dauphiny ; and 
at several places in these districts beds of anthracite are regu- 
larly mined. 

When the central mmintain masses or groups are far 
apart, as, for example, is the case in the Grisons and Valai^, 
the flysch acquires an extraordinary development, and itself 
fonns high chains and large mountain masses. It is sub- 
jected at the same time to marked transformations, whicli 
seem to be intimately connected with the appearance of the 
serpentines, and which in many cases render the raineralo- 
gieal determination of the rock a matter of great difficulty. 
The colour of the slates and of the sandstones passes into 
green ; talc and chlorite make their appearance ; the mass 
gradually passes into talc or chlorite slate ; the stratification 
' disappears, and diorites and spilites present themselves, most 
frequently without its being possible to trace a limit between 
the green slates, the aphanistic rocks, the serpentine, and the 
gabbro ; and nevertheless we can easily assure ourselves on 
the road of St Bernard, in the valley of Bagues, and in most 
of the southern valleys of the Valais, as well as in Oberhaib- 
stein in the Grisons, that thes green slates, so extensively 
distributed, cannot be separated from the ordinary grey flysch. 
It is to this formation of green slates that ihepierres ollaires 
belong, which are quarried at so many points in the Valais 
and in the Grisons. 

When the central masses are very close to one anotlier, as 
is the case with those of the f insteraarhorn and the St Go- 
thard, the flysch is reduced to a narrow zone, and even disap- 
jiears entirely, oi- at least is only represented by some detw 
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portions in the mica slate an^ gneiss. In this case the lime- 
stone is generally converted into white or coloured mnrble, 
or into dolomite, and the sintes become shining and acquire 
all kinds of tints, such as red, brown, green, &:e. 

It is difficult to deiine the relations which subsist between the 
Bjsch and the rocts of the central masses. Generally we see 
the fiysch and a greyish limestone rising from beneath the cen- 
tral masses, and thus forming the lowest portion visible of the 
Alpine system. Abore the flysch there lie mica-slates or 
gneissitic quartzites, which often occupy an extent of several 
leagues ; and above them comes the true gneiss. The stratifi- 
cation, at first parallel to that of the flysch, gradually becomes 
ioclined and then vertical, and finishes by acquiring a totally 
opposife inclination on the opposite side of the group, where 
again we find appearing, under the last crystalline-slates, the 

El-slates 'and the ordinary grey limestones. Most frequently, 
ever, the limit between the slates of the flysch and the 
i-slates is so vague that it is impossible to say where the 
series terminates and tho other begins ; the flysch gene- 
r becomes shining, it assumes varied colours, and we per- 
e in its interior, masses of true mica-slate and quartzite ; 
we believe ourselves already surrounded on all sides by rocka 
belonging to tlie central masses, when suddenly the flysch and 
the calcareous slates make their appearance anew, and often 
it is only after having walked for whole hours amidst thesQ J 
alternations, that we are assured of having really entered tlM 
domain of the crystalline rocks. 

Limestone and Slate. — The state of matters is different a<' 
the contact of the central masses with the large deposits c 
limestone and slate which siuround them on the north. Th( 
rock which touches the secondary beds is generally not mica 
slate, but an imperfectly slaty quartzite, sometimes containii^ 
felspar, and whose stratification is distinct only towards thf 
interior of the central mass, where it becomes transformed ini 
a true gneiss or into gneissitic granite ; its beds then becom 
vertical, and even dip to the south. The sedimentary roctl 
are in discordant stratification with this quartzite ; they a 
inclined to the north, and their beds, whicli follow the exte^ 
nal slope of the gneiss, dip at firht under very high angle^ 
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afterwards losing their inclination, they become horizontal in 
proportion as their distance increases from the central mass ; 
and then they rise to the north, so that, in fact, they assume 
the form of a vast basin with a flat bottom. It results from 
the discordant stratification of the gneiss and the limestone, 
that these two rocks are generally separated by a valley, one 
of whose walls ascends towards the icy regions of the central 
mass, offering, by means of deep gorges, outlets for its gla- 
ciers and for its torrents, while the opposite wall presents the 
vertical precipices of the calcareous deposits. The extent of 
these valleys ia very variable ; sometimes they are prolonged 
from the highest summits down to the inhabited districts, and 
down to the level of our lakes, following all the sinuosities of 
the central mass. Thus, therefore, if a traveller, following the 
northernlimit of the group of the Finsteraarhorn, were to pro- 
ceed by the valley and the glacier of Lotsch towards the valley 
of Gastem, to traverse the glacier of Tschingei, in order to 
reath the bottom of the valley of Lanterbrnnnen, to ascend 
the high valleys which separate the Jungfrau from the Silber- 
hora and the Monch from the Eiger, afterwards to arrive at 
the nHi and the lower glacier of Grindelwald, to mount the 
ColiTUrback by the glacier of Rosenlaui, to descend the val- 
ley of the same name as far as Hoff, then to go up the valley 
of Gadmen, and across the glacier of Wenden, proceeding 
along the southern slope of the Titlis, next to pass into the 
valley of the Reuss, and thence into the valley of Maderan, in 
order to arrive at the eastern limit of the central mass of the 
Finsteraarhorn, in the neighbourhood of the Tbdi, — such a 
traveller would have almost constantly on his left hand verti- 
cal walls of limestone, often several thousand feet in height, 
and on his right the central group, sometimes crowned by 
nevia and glaciers, sometimes covered with forests and pas- 
tures, and rarely presenting inaccessible escarpments. Behind 
this belt, which is developed round the central mass like the 
walls of a crater around a central lolcano, we frequently re- 
mark traces of a second and a third rampart, exhibiting the 
same inclination of the beds, that is to say, presenting its ver- 
tical walU to the central mass, and dipping in the opposite 
(iireciioii. TJje escarpments of the Geninii belong to such a se- 
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coDdary rampart, and the baths of Leiik are situated between 
I tiie two t^hains of sedimentary rocks. At the eastern extremity 
1 of tbe ;j;roup of Mont Blanc, from Saillon to Sion, we am' 
1 leokon four or five paiallel chains of limestone and of tlyscht 
ktlluf which liave their escarpments turned towards the central 
■ ntss. while they present a gentler declivity to the east. 

We frequently see appearing, at the base of the first lim»- 
ifone rampart, gneiss and quartzite, which rise sometimes to k 
very great height, as, for example, at Holf, near Imgrund, at 
Gtadmen, at Maderau, &c. and which plainly prove that tlie 
origin of the valley is here more recent than the event, ^vhat- 
rit may have been, which placed the calcareous beds in 
their present relations with the gneiss, ami that, therefore, the 
formation of the valley cannot be attributed to a plutonic 
iBulheement of the gneiss, which would have caused the upper 
limestone covering to disappear. The same phenomenon is 
moi'e distinctly observable on the opposite side of the valley ; 
we there see calcareous masses of more than a thousand feet 
in thickness, covered by the same gneissitic quartzite whicll 
serves as their base ; and, when we follow the transverse ytH^ 
leys which penetrate into the central mass, we see the limestoae 
entangled in the gneiss, and forming wedges of many leaguet 
in extent (see the section, Plate I.). Thisis what takes plac« 
in the Mettenberg, and in a more striking manner in the Laut^ 
stock and Pfaffenkopf, on the two sides of the entrance to the 
valley of Guttancn, It is evident that before the formation 
of the valley, these wedges of limestone communicated with 
the limestone of the other wall, and that they were then, as 
at present, surrounded by the gneiss. The old surface of the 
ground reached at that period a great elevation above the 
valleys of the present day, and these valleys, which in a great 
measnre seem to owe their origin to subsidences, have crossed 
the gneiss and the limestone without changing the relative 
position of these two rocks. It is sufficient to witness these 
phenomena in nature to be convinced of this. But further, 
the magnificent sections of the valley of the Rotthal, and of 
the Col d'Urbach, furnish us with the proof of this opinion ; 
for there, where tbe subsidence perhaps encountered difficul- 
^^ in consequence of this entanglement of the limestone and 
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the gneiss, we see in reality the wedges of limestone which 
penetrate the gneiss, adhering to and incorporated with the 
main mass of the limestone. 

The determination of the age of the sedimentary beds, si- 
tuated to the nortli of the Alps, presents great dithculties, but 
nevertheless these difficulties belong rather to the details than 
to the general features. We know that in Switzerland, at 
least, the most ancient sedimentary deposits contain belem- 
nites, particular species of ammonites, and pentacrinites, and 
that therefore they cannot be of more ancient date than the 
lias. We know, moreover, that the upper masses of our 
sedimentary masses belong to the chalk, and frequently the 
limit between the cretaceous strata and the Jurassic formation 
can be traced with perfect certainty. 

Mixed Formation. — Immediately above the gneissitic quartz- 
ite we generally find a series of peculiar rocks, which we pro- 
pose to terra the Mixed Formation (terrain mixte). The 
thickness of this series is frequently not greater than a few 
fathoms, but in other localities it amoimts to several hundred 
and even several thousand feet. A mongst these beds we often 
meet with quai'tzitea which it is very difficult to distinguish 
from the gneissitic quartzites, if indeed they are really dif- 
ferent ; but they have one peculiarity, that they dip to the 
north like all the other rocks of this formation. Dolomitic 
limestones, which are either compact or cellular, also occur, 
and these are identical with the carnieule (Jlauchtcacke) whicli 
accompanies our gypsums, and have a yellowish tint passing 
into red and broMii. Red argillaceous slates likewise present 
themselves, with which are associated argillaceous or talcose 
onglomerates. The latter sometimes constitute entii'e moun- 
tains. Finally, above these last we find red or blackish green 
ferruginous oolites, containing magnetic iron ore, iron glance, 
and pyrites. In general, this whole formation is very ferru- 
ginous ; there are no conglomerates which do not contabi iron, 
and several spots are shewn where it was formerly attempted 
to carry on mining operations. The oolitic bed affords many 
petrifactions, especially ammonites and belemnites. 

Limestone of the High Alps and hlack Slate. — A very tliick 
and uniform limestone formation, the limestone of ihe high 



F M. Studcr on the Geologimt Strucfure of the Alpt, 188n 
L Alps {Hochgebirgakallc), reposes on the mixed formation ; it ' 
^aieBerallf presents eDormous escarpments turned towards tbe 
^nieiss masses, and the large limestone wedges whiuh arc eu- 
HtBDgled in tlie mass uf tbe gneiss are generally formed of it. 
Hpie beds of limestone are distinctly separated, and the ruck 
H^n passes almost into slate. Its colour varies from grey to 
Rlkck ; it is OS friable as glass, and, with tlie e.xception of some 
y belemnites, it contains no petrifactions. In the Hosli valley, 
I this limestone formation is covered by a thick series of brilliant 
black slates, wbicb, at Flanplatten, above Meyringen, coutaia 
roiisiderable deposits of red oxide of iron and iron in grains. 
In the vicinity of these ferruginous repositories, the slates fre- 
quently include promuient nodules and ammonites, which evi- 
dently belong to different members of the oolitic formation, 
as, for example, at Erzeck, and near Unterheid, opposite Mey- 
ringen. Belemnites are of rarer occurrence, 

CAa/* Seriee. — The cretaceous formation succeeds these 
black slates, and when these are awanting, it follows tbe 
limestone of tbe high Alps, As in Southern Europe, this for- 
mation is distinguished by peculiar characters, and likewise 
by the extent and thickness of many uf ittj subdivisions, which 
confer on it considerable importance in tlie composition of 
the calcareous Alps. A fact worthy of attention is, that fre- 
quently, and more particularly in the first limestone chain, 
the Alpine limestone is separated from. the chalk by a series 
of rocks having the greatest analogy to the mixed formation 
of which we have spoken, and consbting of beds of quartzite, 
of brilliant variegated slates, and of crystalline and doloraitie 
white limestones- This is observable on the Gemmi above 
Kandersteg, at the bottom of the valley of Lauterbmnnen, on 
the Wengern-Alp, and on the Faulhorn ; and perhaps we may 
include under the same head the beds of iron in grains, and 
the black slates of Plauplatten. 

The arenaceous black limestones, the quartzose sandstones, 
and the rough slates, which repose on the limestone cht 
that are nearest to the gneiss gi'oups, and which form the 
largest portion of the mountains situated on the exterior of 
these latter, seem to belong to the most recent layers of the 
—Alpine cretaceous fonnatiun. The most abundant fossils tlicr^ 
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□re Dummulites, and Gpecies of cerithium, ampullaria, ostrea, 
turbinolia, &c. Ammooites and belemnites are, however, 
almost entirely awanting. The nummuliiic limestone forms 
the superior mass of tho Dent de Morcles and of the Dia- 
blerets, and continues along the northern side of the chain 
which is crossed by the Cols of the Sanotsch, the Rawyl, and 
the Gerami, as far as the upper part of the lake of Thoune. 
Some isolated nummulites are met with in the chain of 
Brienz ; and an accumulation of fossils similar to those of the 
Diablerets occurs on the crest of the chain of Gadmen {Gad- 
inenjiae), of which the Titlis forms a part. Lastly, the nmu- 
mnlitic limestone is largely developed in the mountains of 
Schwytz and of Glaris, and in the chain which sepai'ates the 
canton Glaris from the valley of the anterior Shine. 

Alpine MacignQ. — Adeposit ofgrey slates, which isfrequently 
very thick, extends in many places over the nummulitic lime- 
stone, and of itself forms separate masses, which are generally 
wooded or covered by pastures to the summit. In a mineralo- 
gical point of view, this rock does not differ in any respect from 
the trae flysch of the Alps, of the Valais, and of the Griaons. 
Theonly organic remains it contains, are,moreover, fuci, similar 
to the Fiicitg intricalus of A. Brongniart, and we might con- 
sequently designate it under the name of flysch, in so far as 
that term merely implies a petrographical character. But to 
admit tliat this slate, which reposes on the nummuhtic lime- 
stone, is of the same age as the flysch which occurs between the 
central masses, would be opposing probabilities to too great an 
extent. In order to avoid all confusion, and to prejudge 
nothing, we shall tall this rock Macigno alpin, remarking at 
the same time, that we recognise it neither mineralogically 
nor geologically as the analogue of the macigno of the Apen- 
nines. A depositofthis slate or macigno, having a breadth of 
several leagues, extends behind the chain of Brienz, along the 
western side of the Lake of Sarnen, towards Alpnach, and 
occupies a large portion of the Entlibuch and of Obwalden. 
Other deposits exist in the neighbourhood of Beckenried, and 
to the south of Einsiedeln. Lastly, this formation attains n 
targe development in the south of the canton of St Gall> and 
1 the Prettigau. 
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^1b no diBtrict, however, are the nammulitic limestone and 
! inacignos better developed than in the most northern 
chuiu of the limestone Alps, which, traversing the cantouB of 
Apenzell, of Schwytz, and of I-'nterwalden, aftei-wards in- 
cludes Mont Pilate, the Schrntten, and the Hohgant. It ii 
is same chain which is prolonged to the west of the lake of 
Thoune by the Gemmi, the Diablerets, and the Dent de 
Morclee, beyond our frontiers to the Buet, and the mountain 
of Fis, so celebrated for its fossils, and then across Savoy into 
Dauphiny ; and in this prolongation, the inferior beds of chalk 
can be more easily determined than in the interior of the 
Alps, where they are generally very deficient in fossils. 
^^ _ Seeven Limentone. — We find under the nummulitic limestone, 
^^fald sometimes replacing it, a thick limestone formation, which 
^Hlb a character depending on the district, and forms the upper 
^^Mrt of the chains. In the cantons of Appenzeil and of Schwytz, 
M. Esi'her has given to this formation, whichseems to be awant* 
ingin aportiunof Switzerland, the name of Ca?(rairerftf6'ffi;fMf. 
^^t^is fur the most part compact, of a grey or red colour, desti- 
^^■le of organic remains, and contains thin undulating argil- 
^IPeeous lamina. The lower part of this deposit generally 
^torms those vast corroded and fantastically furrowed rocks, 
which in Switzerland are known under the name of Karren- 
/elder, and in which we find numerous organic remains, esi}e- 
cially dicerates, a particular species of hippurite {U. lUumen- 
baehii), and some large gasteropods allied to the tornatella. 
It is probable that this division corresponds with the calcaire 
a hippurites of tlie south of France. 

Gte M con iCe.— Below this limestone oecurs the bed with inoce- 
rami, which frequently has a thickness of only a few fathoms, 
t is remarkable for the quantity of fossils it contains, which 
iBilsare forthe most part identical with the speciesofthePej-fe 
t Bhone and the glauconite of Rouen.* The rock is a black- 
a siliceous limestone, filled with greenish grains, intimately 

I* The most cbaracteriatic of tlieee fossilB are, htmtraiiivg cunc«i)(n'nii, 

4 sidatUit, Park. ; Avimetaici iit/fatiu, ^ui; 
W, Snong., Sow,; TurriliUe Berfftri, Broug.; Troeliui GitTffMt, Brong,. 
gvAm armidtf, B[<iDg,i t'onu Jvrtfcnw, and Mwraiitr aanrntti, Ag, — H 
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mixed ^vith the mags, which presents at the surface a reddi 
tint, the result of oxidation. In the canton of Appeozell this 
hed is seen lying under tlie Seeven limestone. In central and 
eastern Switzerland traces of it have been seen in several 
places ; but observers have not yet succeeded in following it 
in a constant manner ; it appears distinctly only on the eastern 
frontier of Switzerland, on the northern side of the Buet, 
on the Col de Coux, whence it has been traced without inter- 
ruption by Sixt, Fis, the Reposoir, &c., along the French Alps, 
as far as the sea. The varied and numerous fossils it contains 
have cansed geologists to single it out with preference from 
all tlie other members of the chalk series. 

Neocomian Fomiatio7i. — The Alpine Neocomian forma- 
tion, or Calcaire a Spatangus {Holasler or Toxaster) com- 
planalug, makes its appearanco under this glauconite at 
many points in central Switzerland, and immediately under 
the hippurite limestone, when the glauconite is awantiog, 
as, for example, in the Chain of Pilate and the Hohgant. 
It generally has a considerable thickness. A grey lime- 
stone, filled with nerineie and pterocerie forms it uppei' bed 
in tlie canton of Appenzell. For the most psu-t, however, 
this division presents itself in the form of a thiu-bedded black 
limestone, which is marly or sandy, and which includes the 
characteristic petrifactions of the marls of Neufchatel ; among 
others, Holagter (Toxaster) complanatus, Exogyra Couloni, Os- 
trea carinata, Terehralula depreaga, Terebralula bipltcata. Sec. 
It does not appear that any older beds of the chalk series 
exist either in the Alps or in the Jura. 

Tertiary Formatiom. — In central Switzerland the tertiary 
deposits abut directly against the external chains formed of 
the Alpine chalk, such as the chains of the Pilate, the Sentis, 
and the Ralligstocke. It is not thus to the west of the lake 
of Thoune. In the envb-ons of Chambery, where the great 
valley of the Swiss molasse seems to open, we see a large 
branch of the Jura system separate itself from this last, fol- 
low the direction of the Alps as far as the lake of Thoune, 
and attach itself to the extreme Alpine cretaceous chain. By 
this junction the Alpine character becomes confounded in the 
jnost striking manner with the Jurassic character. The.d 
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rent divisions of the lias, of the inferior oolite, of the coral* 
line and Portland oolite, are determined by their organic re- 
mains^ and are better separated than at any other point in the 
i^ ; the upper Jnra formation in particular, "tvhich appears 
to be completely a stranger to the internal and oriental Alps, 
here attains a remarkable development, and forms several 
parallel chains. We remark also in many of these chains a 
tendency to become arched, whereas in the Alpine chains the 
beds are only prolonged on one side. The physiognomy of 
the valleys reminds us of the softer and more uniform charac- 
ter of the Jurassic valleys ; but nevertheless the forms are 
more abrupt, the chains are not only cut transversely by 
duses^* but they also contain numerous oblique ravines, "tvhich 
impart to these valleys a more picturesque and more varied 
a^ect. The limestone assumes the more the black tint of the 
limestone of the Alps the nearer it approaches the central 
masses of the Alps properly so called. The molasse, which 
penetrates into all the large Jurassic valleys, is entirely awant?- 
ing in the Alpine Jura as well as in the Alps. This mixed 
character is exhibited still more distinctly in the cretaceous 
formation ; the nummulitic limestone, so largely developed in 
the Alps and in a large portion of Southern Europe, does not 
exist at all in the Alpine Jura. The Hippurite limestone, the 
bed containing Inocerami, and the Neocomian strata, do not 
penetrate into the Chablais, and are entirely strangers to the 
interior of the Swiss Alpine Jura (district of En-haut, Ges- 
senay, and the Simmenthal). They are there replaced by the 
flysch, which attains a great development, occupying the bot- 
tom of the enlarged valleys, rising to a great height on the 
flank of the limestone chains, and forming even particular 
chains, whereas it is completely awanting in the Jura. The 
chain of the Niesen, the mountains of the Simmenthal, and 
the district of Gessenay, are composed chiefly of flysch. The 
calcareous masses of these same valleys, such as the Tour 
d'Ay and Mayen above Aigle, and the Cornet tes in Chablais, 
are of the upper Jura formation. The Stockhom and the Male - 

— ■ ii. !■ M__ jj—i^^^MirM ii-i - --■ ,1 

* The geologists of the Jura give the name of diisea to those cuts which 
cross a mountain chain from one side to the other. When the rent is limited 
to one of the flankfr^ it i^ termed I'Mi;^, — E, D. 
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son, the Dent d'Oche and the Mole, belong to middle Joi 
iind partly to the lower Jura formation. The middle Jura and 
the lias likewise appear on the nortbera side of the Alpine 
macigno chain, on the Gurnigel, at the Beira, on Mont Plejrau, 
and in the Voirons. 

In western Switzerland and in the Chahlais, the molasse is 
in contact with these arenaceous and calcareous chains of the 
Alpine macigno and the middle Jura ; and, as in the rest of 
Switzerland, it touches the cretaceous chain of limestone 
containing spatangi and hippurites. Similar to this latter, 
the chain of Alpine macigno, together with the limestone 
niaEses (middle jura of the Stockhom), dips abruptly to the 
south and south-east towards the high Alps. But wherever an 
opportunity occurs of examining the junction of the tertiary 
formation with the secondary deposits, between Vevey and the 
valley of the Rhine, we can assure ourselves that the molasse 
extends in conformable stratification under the latter, so that 
the more recent deposits are here inferior to the more ancient ; 
or rather the two are in such proximity, that one would say 
that the masses oflimestone and of macigno have been violently 
pushed against the masses of the molasse. This supposition 
may explain the singular relations of contact where an up- 
turning cannot be admitted, for a fault without lateral pres- 
sure is not sufficient to account for them. 

The southern inclination of the tertiary deposits continues 
nearly to the distance of a league from the external chain of 
the limestone or macigno, where it is replaced by a northern 
inclination, which becomes more and more gentle the farther 
we remove from the Alps, until the stratification forms only 
a very acute angle with the horizon. At the same time the 
relief oi the country presents a series of terraces more and 
more soft in their outline, till at last they pass into an undu- 
lating plain, and the valleys of elevation are replaced by 
valleys of erosion. In the immediate vicinity of the Alps the 
tertiary deposits rise to the height of 51)00 or 6000 feet and 
more, as in tlie B%uchlen, the Entlibuch, the Kigi, and the 
Speer ; but gradually hills of more than 300 feet become 
rarer, and begin to fix the attention ; still farther on it would 
be difficult to find, between the Uetliberg uear Zurich, and 
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I Ae Frieniaberg near Aarberg, a third liiii of a greater lieigUl 

\ 1000 feet above the level of the plain. On the othel 

vlaiid, undulations and plateaux of some hundred feet in heighttl 

P «id valleys of erosion of an equal depth, are the most frequent 

phenomena as far as the Jura range. 

3folasse. — The tertiary furination of Switzerland is essen,-] 
lially composed of a marly sandstone, the molaxie, whose hardJ 
is goes on diminishing from the Alps to tLi! Jura. Inim^l 
•diately at the foot of the Alps it is an extremely compact san^ I 
itone ; in the central part of the Swiss plain, it forms an ^j^k 
fsdient bniiding-stone ; and in the neighbourhood of the Jiii 
Bountaine the entire mass is nothing but a loose sand. Neof' a 
he lake of Geneva, and in the cantons of Aai'gau and of Zurich, 1 
re find, in the lower beds of the niolasse, deposits of lignite, ac- 
Bmpanied by a bituminous calcareous marl, which often con- 
s a large number of fresh-water shells. The lignite itself 
md the molasse contain teeth and bones of tand-animals, whiokiJ 
ire characteristic of the upper tertiary formation, and also r^J 
BEiins of palms. The upper part of the molasse b of mariof J 
vigin ; and it may be said that the entire beds consist of iiv^ 
ternal casts or debris of shells, more rarely of entire specImeoAa 
if marine shells, of which the determinable species are ideo-l 
ical with those of the subapeunint hills.* I 

Na^elJiue.—'Mo the sandstone of the molasse we find tre-^ 
quently added, in the neighbom'hood of the Alps, conglomerates 
uf rounded pebbles, known under the name of nayeljiite or 
gompholilea. The subdivision, thickness, and even composi- 
|_ition of this rock are very vai'iable. Where the cretaceous 
in immediate contact with the molasse, as in eastern 
md central Switzerland, the nagelflue appears in much more 
lonsiderable masses, and over much larger spaces than iaj 



* No twitli standing this idenlit; of fossiln, autUors have persisled in Bep»- ' 
g tbe Swiss molsBBe from the subupcDnine formation, and inidentifying 
It with tbe formation of la Siiperga, Bordeaux, and Dax, wliose fossils dif- 
la mnch from those of the moluasf nais possible in formations bo nearlj 
jiproacliing each other. Whatever name may be given to thpse differ^* J 
InbdiviBioiiB of the upper tertiary formation, I hope that the Swiss geolO>fl 
'jbu who orcnpy themselvi^B with tlio study of tbe paleontology of tbe a 
iltnne to protest ng»inEl Ibis bctitioas airBngemojiU 
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western Switzerland, at the foot of the Alpine Jara. The 
pebbles of which it is there composed, are, as in the Rigi and 
in eastern Switzerland, essentially limestones and sandstones, 
which correspond with the nearest rocks of the Alps ; neyer- 
theless there are also mixed with these, granites and other 
roeka whose origin is unknown. 

In the nagelflues of the canton of Berne, which form several 
chains of hUls whose beds dip, sometimes to the south, some- 
times to the north, it is these rolled masses, foreign to the 
Alps, which predominate ; in the nagelflue of environs of 
Thounc, whose beds dip to the south, we find, in particular, 
red porphyries and granites of all kinds, such as occur in the 
great porphyry chains. Similar rocks present themselves in 
the Black Forest, and at the southern base of the Alps. Near 
Thoune, another kind of pebbles is mixed with these rocks, and 
predominates especially in the nagelflue of the Belpberg, and 
of the Emmenthal, which is horizontal or has a northern in- 
clination. These are fragments of serpentine and gabbro, 
rocks which only exist f h situ, so far as we know, in the south- 
ern part of the Grisons, also of compact serpentines contain- 
ing diallage, several other species of gabbro, granites, green 
porphyries, green or violet-coloured slates, and aphanites. 
The Emmenthal likewise contains spilites or amygdaloidal 
rocks, and variolites. In a small district to the north of tbe 
Emmenthal, pebbles of quartz and the debris of a homblendic 
rock predominate. The sand brought down by the torrents 
of this district contains grains of gold with much magnetic 
iron, garnets, and other minerals. Where are we to seek for 
the beds of porphyry, of serpentine, and of auriferous horn- 
blende, which have furnished those enormous quantities of 
roiled stones ? In ivhat manner, and by what agent, have these 
pebbles been accumulated at the base of the Alps, in masses 
sufliciently large to appear considerable even in the vicinity 
of those elevated summits i These problems are still unsolved. 
To suppose that the pebbles have come from the interior of 
the earth, and that their considerable masses, produced during 
the long period which corresponds to the last convulsions of 
the Alpine system, cover tho beds whence they were derived, 
or thp' very beds are partly destroyed, is too arbitrary 



M« Stader oh the Geological Structure of the Alps, 101 

a mode of getting rid of the difficulty, and yet it would not 
be easy in the present state of our knowledge to find a less 
daring solution. 

Diluvium tmd Erratic Stocks. — The surface of the molasse 
TftUeys and of the Swiss plain is covered by a bed of gravel 
aad of sand which sometimes attains a thickness of more than 
100 feet ; this is the diluvium. In its nature, this deposit 
eorre^onds exactly with the deposits* brought down by the 
torrents of the Alps. The predominating rocks are lime- 
stones and Alpine sandstones, mixed with rolled masses of 
nagelflue. The pebbles are always rounded, but rarely at- 
tain the size of a man's head. It is in this diluvium, and even 
deeper than it, that the present rivers have hollowed out their 
beds. The superimposed terraces indicate alternations of 
the epochs of repose and of activity. 

These large masses of gravel are covered by a more recent 
diluvium, generally unstratiiied, containing large and small 
pebbles, which are both round and angular, and also blocks of 
several fathoms in diameter, imbedded in a sandy clay. The 
largest blocks are sometimes isolated, sometimes united in 
groups ; the one series rounded and blunted, notwithstanding 
their large size, and the other more or less angular. This re- 
cent diluvium sometimes abuts against the molasse hills, and 
sometimes forms dykes or elongated hills from 20 to 100 feet 
high, generally running parallel to the foot of the slopes or 
following a transverse course in the valley. The only differ- 
ence observable between the blocks of this recent, diluvium 
and true erratic blocks, is that the latter are isolated and free, 
whereas the first are imbedded in the sand or the gravel. 
There is a striking resemblance between the dykes formed of 
transported materials and the descriptions given us of the 
Osars* of Sweden. Now, if the glacial theory, according to 
which some celebrated geologists believe that this phenomenon 
ought to be explained, be really, of all the hypotheses hitherto 
proposed, that which harmonizes the best with facts, the same 
theory, in my opinion, ought to be applicable to the pheno- 
menon presented by Sweden. 

^ — - ~ " III .M — ■ 11 ■■ ■l.l»l-MIW. ■■ I I .11 ■■■!. Ml , , ■■l^■ g0 

^* Osars, to which the attention of the geologists was first directed bj 
M. Alexander Brongniart, are long lines of transported materials having 
the form of dykes or banks generally running "N.'N.ia. axi^^.^,"^*— "Ei^XlV, 

VOL. XXXIII, yo. LXV, JULY 1842. V 
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Getieral Condnsioitg. 

It may be seen from what has been said, tli.it we are still 
far firom being acquainted with all the phases of the history 
of the formation of the Alpine system. Nay, it is probable 
that science is yet ignorant of the very principles npon which 
an explanation of the most characteristic features ought to he 
based. It is, therefore, not astonishing if the geologist who 
attempts to give a snmmary of the precise ideas acquired icoa\ 
the time of Saussure to the present day, should at every 
step be afraid of advancing too far, or of being forced to re- 
tract what he has asserted, owing to the insufficiency of his 
facts. After thirty-six years of travels and studies, the ini- 
mortal De Saussure himself wished to have the power of re- 
commencing the examination of the Alps, aided by the ex- 
perience which he had acquired during a life devoted to this 
subject. Since then more than half a century has elapsed, and 
we still find ourselves embarrassed when we are asked for an 
abstract of the chief facts regarding the structure of the Alps. 

The documents which nature affords us, do not reach be- 
yond the epoch of the lias. We possess no knowledge of the 
condition of the surface of the earth in the domain of the Alps 
at preceding epochs. 

During the period which elapsed between the deposition of 
the lias and that of the last portions nf the chalk strata, this 
portion of the surface of Europe does not appear to have been 
subjected to derangements in its relief. Everywhere the lias 
series is arranged conformably with the macigno, and the 
whole mass forms a whole which it is almost impossible to 
divide. Nevertheless this series of jura-cretaceous deposits 
of the Alps and of all the south of Europe, differs consider- 
ably from that which corresponds with it ia age in northern 
Europe. One would say that they were sedimentary deposits 
formed in different seas nnd under different conditions. 

The most important events which have modi6ed the surfaoe 
of Switzerland took place between the epoch of the deposition 
of the Alpine macigno and that of the molasse. We tind the 
nummnlitic limestone and the macigno on the summits of the 
mauniains and in the bottoms of the valleys, while there exists 
ia such situations no ti-ace of the mo\asae, T\\v Wv\\i« a^sVtBi. 
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mutt therefore have emerged subsequently to the deposition of 
this latter formation. 

The ag^icies, doubtless of very long duration, which have 
operated on the Alpine sedimentary formations, have modi- 
fled the original nature of the rocks, and transfcmned them 
either intb magnesian rocks (dolomite, talc-slate, chlorite- 
slate, and serpentine), or into micaceous and felspathic rocks 
(mica-slate, gneiss, and granite). 

These modifications were accompanied by an elevation of 
the surface and a general change of position of the beds. It 
is in the regions where the metamorphic agencies have ope- 
nited with the greatest energy, that the formation took place 
of those enigmatical fan-shaped arrangements, and of those 
entanglements of felspathic, quartzose, and calcareous fossili- 
ftrous rocks. 

The modifications as well as the breaking up of the surface 
Iiave operated in various directions and at difierent epochs, 
the consequence of which has been that the external direction 
of the chains does not generally correspond with the direction 
of the beds. There are not only longitudinal and transverse 
valleys, but also longitudinal and transverse chains, diagonal 
valleys and diagonal chains. 

The chief directions in Switzerland are : 1. From W.S.W. 
to E.N.E. (more exactly from W. 23° S. to E. 23° N.), paral- 
lei to the principal direction of the Alps. Examples : the 
chain between the Diablerets and the Altels ; the great val- 
leys of the Yalais and of the Vorder Rhine. 

2. From S.W. to N.E. (more exactly from W. 37° S. to E. 
37° N.), parallel to the direction of the Alps of Savoy. Ex- 
amples : the central group of the Finsteraarhorn and that of 
Saint-Gothard ; the upper Yalais ; the lake of Brienz. 

3. From S.S.W. to N.N.E. (more exactly fi-om W. 53° S. 
to E. 53° N.), parallel to the system of the Alps of Dauphiny. 
Examples: The group of Mont Blanc ; the Italian lakes; the de« 
pression between Briinig and Kiissnach ; the eastern chain of 
the Niesen. 

4. From S.S.E. to N.N.W. (more exactly from W. 60° N. 
to E. 60° S.), parallel to Monte- Viso according to M. Elie de 
Beaumont. It is the direction which prevails in the beds and 
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intermediate valleys between the non 
thai'd and the upper Engadiiie. 

The effects of the dislocations produced in these directions 
and in many others, are limited to the zone of the Alps, and 
do not even reach their northern and soiitheni limits ; never- 
theless, the formation of the valleys parallel to the Alps, and 
even of the Alpine valleys in general, appears to be more re- 
cent than the formation of the central masses and of the chains 
having inclined beds, for they cnt obliquely the axis of tliese 
Kulevementa. 

At the end of this period of convulsion, we find the domain 
of the Alps, and the low plain which borders it on the north, 
elevated above the level of the sea ; but this plain was iu a 
great measure covered with pools and marshes of fresh water, 
in which the terrestrial animals of the period were destroyed. 
It was then that there commenced the deposition of the molasae, 
of that product of erosion and of the friction of the rocks 
against one another, on the northern edge of the Alps. At 
that period tlie northern side was probably flanked, as the 
southern is at the present day, by a belt of porphyritic and ser- 
pentinic rocks which have partly furnished the materials of the 
nagelflue and of the molasse. 

The formation of the upper deposits of the raolasse is the re- 
sult of a new invasion of the Swiss plain by the sea ; but the 
organic remains of tliat period do not the less prove the exist- 
eneeoflakesof fresh or brackish water at the side of the seashore. 
The accumulation of the debris of rocks on the northern edge 
of the Alps under the influence of a more violent action, and 
the dispersion of a fine sand over the nhole plain, terminate 
the epoch of the nagelflue and of the molasse. 

A new dislocation of the Alpine surface took place between 
the formation of the molasse and of the ancient diluvium, a 
dislocation which appears to have been followed by the for- 
mation of many of the valleys of subsidence in the Alps. In 
consequence of this last soulevement, the secondary Alpine for- 
mations were pressed against the tertiary strata, and the latter, 
being elevated and broken up, acquired a more or less consider. 
able inclination. 

By placing this movement in connection with a general 
sotikreP' ' ' the Alpine system above \\\e ■W-ve\ o^ XXve *>ra.. 
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twe can partly explain the valleys of erosion of the molasse, 
^hich would thus be hollowed out by the retreat of the waters. 
A long period of repose undoubtedly followed this retiring 
of th^water ; and during this time all the low regions of the mo- 
lasse were covered by the Alpine alluvial matters which are 
designated by the term ancient diluvium. The level of the 
ancient diluvium streams which, in many places, is about 200 
feet above the present level of the rivers, is in favour of a more 
elevated level of the lakes into which these rivers flowed. 
This period was terminated by the deposition of the recent 
<liluvium, and the dispersion of the large erratic blocks. If 
we attribute this dispersion to the movement of the ice which 
transported the blocks and gravel that surround them to great 
distances, we must also admit that during all this period, neces- 
sarily of very long duration, the surface of Switzerland, and 
consequently that of a large portion of Europe, were subjected 
to a climate nearly such as is presented to us by Terra del 
Fnego or the Antarctic continent 

At a still later period, intermittent movements of the surface 
produced the relative depression of the basins which receive 
our rivers, and the currents of water hollowed out their beds 
down to their present level, in the two diluviums and the mo- 
•lasse. 



On the structure of the Intestinal Villi in Man and certain of 
the Mammalia^ trith some observations on Digestion, and 
the Absorption of Chyle. By John Goodsir, Esq., M. W. S. 
Surgeon, and Conservator of the Museum of the Roy. 
Coll. Surgeons, Edinburgh. Communicated by the Au- 
thor. 

Mr Cruikshank, in treating of the orifices of the Lacteals 
and Lymphatics,* states that he and Dr William Hunter ob- 
served the openings by which the lacteals communicated with 
the cavity of the gut in portions of the intestine of a woman 
who died after eating a hearty supper. The two preparations 
of the intestine on which these celebrated anatomists made 
their observations came into the possession of the College of 
Surgeons in Edinburgh, as part of the collection of the late 
Sir Charles Bell. When employed lately in removing these 

* William Cruikshank, The Anatomy of tlie A\>aQXb\»% Y^^SfeU of Uwft J 
Human Body, 2d Ed. 1790, page 6C. 1 
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interesting specimens into fresh spirits, I availed myself of the 
opportunity of examining into the nature of the appearancos 
described and figured by Mr Cruikshank.* 

I removed one of the villi from Mr Cruikshank'a prepara- 
tion, t placed it between two glass plates, and had no diffi- 
culty in recognising what iiad been described and figured by 
the original owner of the preparation. With a low power the 
extremity of the villus appeared bulbous and opaque. With 
a higher power I observed that this opacity was due to the 
existence, at the extremity of the villus, of a number of vesi- 
cles of different sizes. The larger vesicles were pretty uni- 
form in size, and about twenty in number. The smaller were 
of different sizes and more numerous, and appeared gradually 
to pass into the granular looking tissue of the attached extre- 
mity of the villus. No blood-vessels could be detected, but 
along the neck of the villus distinct traces of two or more opaque 
lacteals were visible. The vesicles and the lacteals, when 
viewed by transmitted light, were of a light brown colour ; but 
when examined as opaque objects, against a dark ground, they 
etood out of a dead white appearance, contrasting strongly 
with the semi-transparency of the surrounding tissiie. Re- 
peated examinations of these preparations satisfied me that 
Dr William Hunter and Mr Cruikshank were quite cor- 
rect in describing and figuring radiating lacteals within the 
villi, but that they were led into error in describing those 
vessels as opening on the free surface of the gut, partly bv 
imperfect Instruments and methods of observation, partly by 
the general prejudice of the period in favour of absorbent 
orifices. I also satisfied myself of what appeared highly pro- 
bable from the commencement of the observations, that tlie 
lilli, when turgid with chyle, were destitute of their ordinary 
epithelial covering. This circumstance I could not avoid con- 
necting with the fact of the stomach throwing off its epithelia 
during the process of digestion, I determined, therefore, to in- 
vestigate the process of absorption of chyle in fresh subjects, 
as the facts exhibited in Mr Cruikshank's preparations indi- 
cated the probable existence of complicated proces.ses going 
on in villi during digestion. The analogy of the vesicular 
bulbous extremity of the rillug, to the spongiole of the vege- 

PJat9ll,flg!. 5,3. t xiii. 1 N. 4n, Bell CiitBlogM.1 
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triile, forced itself upon me ; and the existence of milky ehyley 
iithin closed cells, led me to anticipate an explanation of some 
of the phenomena of digestion. 

A dog was fed with oatmeal, milk, and butter. Three hours 
tfterwards he was killed, and a cord thrown round the root of 
Ae mesentery. The lacteals became more turgid, and the gut, 
when opened, was found to be full of milky chyme, with an 
ftidmixture of thin brownish fluid of a bilious appearance. 
The milky matter was situated principally towards the mucous 
nembrane ; the brown fluid occupied the cavity of the gut. 

The white matter was found to consist of a transparent fluid, 
with a few oil globules, and numerous epithelia. 

Some of the epithelia I recognised as those which cover the 
villi. They were pointed at their attached exti'emities, flat at 
the other. (Fig. 1. PL I.) Manyofthem were single, others were 
United in bundles, adhering principally by their flat or free 
Extremities, as if a fine membrane passed over and connected 
the edges of their extreme surfaces. (Fig. 2, PI. I.) Occasion- 
ally these epithelia presented a distinct nucleus ; but generally, 
«md whether single or in bundles, they exhibited in their in- 
terior a group or mass of oil-like globules, which, when viewed 
as opaque objects, had a peculiar semi- opaque or opalescent ap- 
pearance*. (Fig. 3, PI. I.) Others of the epithelia, contained in 
the chyme, were prismatic, single, or in columns. (Fig. 4, PL I.) 
They were the lining epithelia of the follicles of Lieberkiihn, 
and presented the usual nuclei. 

The mucous membrane displayed the villi turgid as if in 
a state of erection, and, as I had anticipated, naked or des- 
titute of epithelia. except at their bases where a few still 
adhered. Each villus was covered by a very fine smooth 
membrane, which from its free bulbous extremity, passed on 
to its sides, and became continuous with what I have else- 
where denominated the primary membrane (Trans. Roy. Soc. 
Ed. 1842) of the follicles of Lieberkuhn. (Fig. 8, PL I.) These 
villi when removed from the mucous membrane, and examined 
with I inch magnifier, were semi-transparent, except at their 
free or bulbous extremities, which appeared both by direct or 
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transmitted light white and opaque ; under higher powers they 
exhibited appearances represented in fig. 0, PI. 1. The summit 
of the villus, somewhat flattened, was crowded immediately un- 
der the membrane before nientio lied, with a numberof perfectly 
spherical vesicles. These lesicles varied in size from 1000 to 
less than 2000 of an inch. The matter in their interior bad 
an opalescent milky appearance. Towai'ds the body of tlie 
villus on the edgts of the vesicular mass, minute granular or 
oily particles were situated in great numbers, and gi-adually 
passed into the granular texture of the substance of the villus. 

The trunks of two lacteals could be easily traced up the 
centre of the villus, and as they approached the vesicular mass 
they subdivided and looped. In no instance could one of these 
lacteals be traced to any of the spherical vesicles, nor could 
iuiy direct communication between the structures be detected. 
The bloodvessels and capillaries, with their columns of ta^wiy 
blood disks, could be seen passing in radiating lines and in 
loops across the villus, immediately under the fine membrane 
already mentioned. This membrane, perceptible on the body 
and neck of the villus only by the smooth surface it presented, 
was most distinctly traced at the free extremity of the villus, 
as it passed from the surface of one vesicle on to that of ano- 
ther. The vesicles pushing the membrane forward, and grouped 
together in masses on its attached surface, gave the extremity 
of the villus the appearance of a mulberry. When viewed oi» 
a dark ground as an opaque object, the point directed to the 
light, a villus in this condition is remarkably beautiful, the 
play of the light on the surface of the highly refractive senii- 
opaijue and opalescent vesicles, giving them the appearance 
of a group of peai'ls. 

In villi turgid with chyle, which have been kept for some 
time in spu'its, the contents of the vesicles are opaque, the al- 
bumen having become coagulated- 

The villi of the rabbit exhibit similar vesicles durijig di- 
gestion, and I am at present engaged in preparing drawings 
and descriptions of these formations in the dilTerent classes of 
the animal kingdom. 

To understand the part which the vesicles of the villus play 
in digestion, it is necessary to be aware of certain of the func- 
tious oftJie cell, with which physVo\o^l& are ^'et\!LXv&.c(:p».'tt\AA. 
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Not only Erie these bodies the germs of all the tissues, as de- 
termined by the labours of Schleiden and Schwann, but as I 
hxve observed, they are the immediate agents of secretion. 
(Trans. Roy. Soc. Edin. 1842.) A primitive cell absorbs from 
the liquor sanguinis which siurounds it, and which is supplied 
by the capillaries, the matters necessary to enable it to form, 
in one set of instances, nerve, muscle, bone, if nutrition be 
its function ; milk, bile, urine, in another set of instances, 
if secreti<m be the duty assigned to it The only difference 
between the two functions being, that in the first, the cell dis- 
solves nd disappears among the tissues, after having per* 
formedits part ; in the other, it dissolves, disappears, and throws 
oot its contents on a free surface. Now, it will be perceived 
tiiat before a cell can perform its function as a nutritive cell, 
oras a secreting cell, it must have acted as an absorbing cell.* 
This absorption, too, must necessarily be of a peculiar and 
sqf^cific nature. It is in virtue of it, that the nutritive cell 

* *' Abeorpiion," says Professor Muller, Baly's Translation, p. 301, ** seems 
to depend on an attraction, the nature of which is at present unknown, but 
of which the rery counterpart, as it wcre^ takes phice in secretion ; the fluids 
altered by the secreting action being impelled towards the free surface only 
of the secreting membranes, and then pressed onwards by the succossi^'e 
portions of fluid secreted. In many organs, for instance in those invested 
with mucous membranes — absorption by the lymphatics and secretion by 
the secreting organs, are going on at the same time on the same sm*face." 
It appears, however^ from what I have stated in the present paper, and in 
Trans. Roy. Soc. Edin. 1842, that Prof MUller, and indeed all the physiolo- 
gists hitherto have been in error in supposing the forces of secretion and ab- 
sorption as of different and opposite tendencies, — the one attractive, the other 
repulsive. They are both attractive, absorption being but the first stage in 
the process of secretion. Secretion, in fact, diflfers from absorption, not phy- 
siologically, but morphologically. 

What has bden stated in the present paper explains also how, in the mu- 
cous membranes, '^ absorption by lymphatics and secretion by secreting or- 
gans are going on at the same time on the same surface.*' (Miillcr, loc. dl.) 
There is no physiological mystery in this. It depends on a morphological 
circumstance. The absorbing chyle cells are on the attached surface of the 
primary membrane — the secreting epithelia are on its free surface ; the for- 
mer are interstitial cells, the latter peripheral ; the former cast their con* 
tents into the substance of the organism, — the latter into the surrounding 
medium. It may be here obser^'ed that absorption, as it occurs in the chyle 
vessels, takes place as in the absorption which occurs in all tho secreting 
cells, through two situctureless membranes, probably molecular in their con- 
fftittttwa — the primary membr&ne aad the meoibcttMrot \>\i& ^\V» 
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selects and absorbs from the liquor saoguiais those parts of 
the Utter necessary for building up the peculiar tissue of 
which the cell is the germ. It is in virtue of this peculiar fores 
that the secreting cell not only selects and absorbs, but also 
in some instances elaborates, from the same conunon material, 
the particular secretion of which it is the immediate organ. 
And it is by the same force that the cell becomes the im- 
mediate agent of absorption in certain morbid processes. 

The primitive cell, then, is primarily an organ of specific 
absorption, and secondarily of nutrition, growth, and secre- 
tion. 

With these few introductoiy observations on subjects which 
1 shall consider more at length on another occasion,! ma; 
proceed to apply the laws of structure and function of the cell 
to the structure and function of the intestinal villi. 

As the chyme begins to pass along the small intestine, an 
increased quantity of blood circulates in the capillaries of the 
gut. In consequence of this increased flow of blood, or from 
iome other cause with which I am not yet acquainted, the in- 
ternal surface of the gut throws off its epithelium, which is 
intermixed with the chyme in the cavity of the gut. The 
cast ofF epithelium is of two kinds, — that which covers the vil- 
li, and which, from the duty it performs, maybe denominated 
the ^ro/ifcfti'e epithelium, and that which lines the follicles, 
and is endowed with secreting fnnctions, The same action, 
then, which, in removing the epithelia from the villi, prepares 
4he latter for their peculiai- function of absorption, throws out 
the secreting epithelia from the follicles, and thus conduces 
towards the performance of the function of these follicles. 

The villi, being now turgid with blood, erected, and naked, 
are covered or coated by the whitish-grey matter already de- 
scribed. This matter consists of chyme which has tmdei^ne 
the changes induced in it by the bile, of cast off epithelia of 
the villi, and of the secreting epithelia of the follicles. The 
function of the villi now commences. The minute vesicles 
which are interspersed among the terminal loops of the lacteals 
of the villus (fig. 6, PI. I.), increase in size by drawing materials 
from the liquor sanguines, through the coats of the capillaries, 
ivhich ramify at this spot in great abundance. While this in- 
cven '\eiv capacity is in pvogve^s, rtie ^dmtv^ -stixcUs 



ViUi in Man and certain of the Mammalia. 171 

ocmtiiiiially exerting their absorbing function, and draw 
into their cavities that portion of the chyme in . the gut ne- 
CMsary to supply materials for the chyle. When the vesi- 
cles respectively attain in succession their specific size, they 
burst or dissolve, their contents being cast into the tissue of 
the villus, as in the case of any other species of interstitial cell. 

The looped network of lacteals, like the other lymphatics, 
continually exerting their peculiar function, take up the re- 
mainsi and the contents of the dissolved chyle cells, as well as 
the other matters which have already subserved the nutri- 
tion of the villus. As long as the cavity of the gut contains 
chyme, the vesicles of the terminal extremity of the villi con- 
tinue to develope, to absorb chyle, and to burst, and their re- 
mains and contents to be removed by the interstitial absorb- 
ent action of the lacteals. 

When the gut contains no more chyme, the flow of blood to 
the mucous membrane diminishes, the development of new 
vesicles ceases, the lacteals empty themselves, and the villi 
become flaccid. 

The function of the villi now ceases till they are agaiu 
roused into action by another flow of chyme along the gut. 

During the intervals of absorption, it becomes necessary to 
protect the delicate villi from the matters contained in the 
.boweL They had thrown ofi^ their protective epithelium 
when required to perform their functions, just as the stomach 
bad done to aflbrd gastric juice, and the intestinal follicles to 
supply their peculiar secretions. In the intervals of digestion, 
the epithelium is rapidly reproduced. Repeated examina- 
tions have induced me to believe that this reproduction is ac- 
complished in the following manner. 

That peculiar diaphanous membrane which I have denomi- 
nated (Trans. Roy. See. Ed., 1842) the primary membrane, 
and which, as I have stated, not only forms the outer mem- 
brane of the follicles, under the epithelia, but also the under- 
lying membrane of the villi, contains in its substances nuclei 
•of an oval form, situated at pretty regular distances. These 
nuclei have a dark spot in the centre, and are always visible 
when the epithelium is removed. The membrane consists of 
flattened cells, the nuclei of which continue active. Blood 
Tftsselj^ ib0refore, do not exist in this membrane, but ramify 
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beneath it, as in glands. Serous membraDes have a similar 
constitution. 

These nuclei I have elsewhere shewn to he germinal spots 
or centres of reproduction and growth in the secreting glands 
(toe. cii.). More extended observation has convinced me that 
they are the centres from which all epitheliam, whether se- 
creting or protective, is formed. The process is similar to 
that described by ReJchart and Dr M. Barry, as taking place 
in the ovum. Cells form in the centre of the spot These cells 
increasing in size, and having other cells in their interior, 
pass off in a radiating direction in the planeof the primarymeni- 
bmne, and gradually assuming the fonn and properties of the 
epithelium of the region, till they meet and form a continu- 
ous layer of nucleated particles wliich cover the primary 
membrane, from whose nuclei they sprung. These nucleistill 
remain as sources of future crops of epithelia. 

During this process of development, the priraai-y membrane 
would appear to split into two laminse, the epithelia pass- 
ing out from its nuclei between these. Tliis would account 
for the epithelia, particularly the prismatic and conical, adher- 
iug by their free extremities. 

Such are the processes which would appear to take place in 
the villi of the intestinal tube during digestion and absorption. 
When considered in relation to the finictions of digestion and 
absorption of chyle, these processes are highly interesting, 

The labours of the chemist have now so far simplified the 
theory of digestion, as to deprive the stomach of their vital- 
izing or organizing powers so long ascribed to it. 

Every step in this chemico- physiological inquiry leads to 
the conclusion that the changes which the food undergoes 
while in the cavity of the gut are entirely of a chemical na- 
ture. 

If we continue, then, to apply the term digestion to that 
series of processes by which the aliment is assimilated to the 
matter of which the body is composed, we must divide the sc- 
ries into two groups. The first gioup will include all those 
changes ivliich take place within the digestive tube, but i-x- 
lerior to tJie organism. The second will include those which 
present themselves at\er the alimentary matteris taken up into 
the animal budy, and bcconics huvVed \u vU ^^w.\!l=^».w;li, TUc 
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first group of processes are mechanical and chemical in their 
nature. They may be considered in a great measure as pe- 
culiar to the animal, although even vegetables^throw out from 
their roots matter which, acting on some of the materials of 
the surrounding soil, prepare these for absorption. 

The second group of processes is common to animals and 
vegetables. In these, for the first time, are alimentary sub- 
stances taken into the tissues of the organism. In animals, 
as in plants, as I have already pointed out, these alimentary 
sabstances are drawn by a peculiar force into the interior of 
cells, after escaping from which they are taken up by the ab- 
sorbent system. The chemist has not yet informed us of the 
change which the matter has undergone during its passage 
from the cavity of the gut, or from the soil, into the afferent 
lacteals and the sap-vessels ; but if in vegetables, as in animals, 
this matter passes through the coats and is lodged in the ca- 
vities of the cells of the spongiole before it passes on to the 
sap-vessels, then'it is highly probable that the organizing and 
vitalizing part of the function of digestion commences in the 
cells of the spongiole and of the extremity of the villus. 

The extremity of the fibril of the root of a plant elongates 
by the cells added to its tissue by the germinating spongiole. 
The spongiole is, therefore, an active organ of growth as well 
as of absorption. It is to the fibril of the root what I have 
denominated in the animal tissues the germinal spot. I conceive 
it to be probable, therefore, although as to this I have made no 
observations, that absorption by, and elongation of, the fibril of 
the root vary inversely as one another. This supposition is 
founded on the assumption that the cells of the spongiole do 
not absorb by transmission but by growth and solution. 

In the villi of the intestines of animals my own observa- 
tions lead me to believe that absorption by growth and solu- 
tion is the process which actually takes place. 

The vesicular extremity, like the spongiole of the root fibril, 
is the primitive germinal spot of the villus. The villus origi- 
nates in a cell, one of those which form the last deposit from 
the substance of the yelk. During the development of the 
villus, this spot or cell was employed only in procuring mate- 
rials for the growth of the orga;n. In the perfect animal 
tk0 formative faactton of the spot ceases *, \t^ ae^\cvs\ \^Q,vycsk^ 
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periojical, active (luring iligestion, at restduringtlie intervals of 
that process. The same fiinction is performed, the same force 
is in action, and the same organ, the cell, is provided for absorp- 
tion of alimentary matters in the embryo, and in the adult, in the 
plant, andin the animal. Thespongiolesof theroot,thevesicles 
oftheTillus, the last layer of cells on the internal membrane 
of the included yelb, or the cells which cover the vasa lutea of 
the dependent yelk, and as I have satisfied myself, the cells which 
cover the tufts of the placenta, are the parts of the organism 
in which the alimentary matters first form a part of that or- 
ganism, and imdergo the first steps of the organizing process, 

Explanalton of the Plate. 

Pig. I. Protective epjtheliuin cells ftojn u villaa in tbe Aug, 

Fig. 2. A group of tlie B.ime cells adiieting by tiieir distal extremitiea. 

Fig. 8, Protective epithelium cells, rsst off preparatorj to absorption of 
cbfle; insteiul of naclei, Lhey preeent, in lb eir interior, vroap* 
□f globulec. 

Fig. ^. Secreting cclta thrown out of Llio fullicloK of Li^ilicrkuhn during 
digestion. 

Fig. 5. Extremity of n villns iminedialelj before nbaorption of cli.vle has 
commenced. It has cast off its protettive ^it.helium, and dis* 
pliiys, when compressed, a net-work of peripberai lactoala. The 
granular germs of ihe absorbing vestcleK, n^ yet undeveloped, ara 
seen under lis primary membrane. 

Fig. fl. Extremity of a villus, with its absorbent vesicles distended with 
chyle, and th» trunks of its lactenls saen. throngh its coivts. 

Fig. 7. SiagTiLin of mucoua membrane of jejunum when Absorption is not 
going on. a Protective epithelinm. of a villus. Secreting spi- 
thelium of a follicle, etc Primary membrane, with its germinal 
epots or nnclei, d d. e Oerms of absorbent ve^'icles. / Teesela, 
and lacteals of villus. 

Fig, 8. Diagram of mucous membrane during digestion and absorption of 
chyle, a, A villus, turgid, erect; its protective epitheli.ieast off fcom 
its frou eitremity ; its absorbent vesicles, its lucteals, and blood- 
vessels turgid, b A follicle discharging its secreting epilhrlia. 

On a New Genus, and on Six JVew Species of Crustacea, with 

Oiiervaliotis on the development of the Egg, and on the 

metamorphoses of Caligus, Carcinus, and Pagurut. Bj 

Henrv D. S. GooDsiR, Esij., Surgeon, Anstruther. Co m* 

municated by the Author. ^^| 

SECTION ^^H 

^ a neiv Genw, mth description of Three New Specks'of Stomap4l9^ 

»e first species belongs to ftve genas C^jxiJiXna, oi 'Wtnasncu 
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A single specimen was obtained in the Frith of Forth, near 
Anstrather ; it was found in shallow water, together with a 
number of other Schizopoda, and^ as far as I am aware, is the 
first instance of a species of this genus got on the British coasts. 

GENUS CYNTHIA, fig. 1., pi. II. 

Subabdominal fins composed of two joints, four last fins with the termi- 
nal plume double, with an opaque, bifurcate, and convolute organ 
nising between each. 

C. Flemingii. — Inferior antennal scale almost twice as long as the pe- 
duncle. A thick fringe of strong hairs bordering its inner edge. Ros- 
trum slender and finely pointed. Volute organ between the plumose 
setse of the subabdominal fins minute ; edges of the middle plate of the 
tail spined. 
Long, eight lines. Hab. Frith of Forth. 

Deteription. — The whole body of an opaque straw colour, with the reti- 
culated portions of the eyes black. Superior antenuee with the pe- 
duncle three-jointed, the two setaceous portions arising from the second 
joint of the peduncle, the last joint ovate, surrounded with a thick 
fringe of haiis^ these hairs are bent downwards at their extremities, flo 
as to form a concavity on the lower surface. The peduncle is about 
twice the length of the eyes. The peduncle of the inferior antennas 
extends to the origin of the setaceous portion of the superior antennse, 
the two last joints are slender and clavate. A long slender and 
pointed scale arises from the first joint of the peduncle, above the se- 
taceous portion ; this is twice as long as the peduncle, and is thickly 
Mnged with long hairs, which are directed inwardly so as to meet 
those of the opposite side. The carapace is not very large, curved at 
its posterior edge, and produced at its posterior and inferior angle. 
Abdomen slender, the inferior edge of each segment considerably pro- 
duced, and all of them but the last bearing a fin composed of two 
joints ; the first joint is scale- like clavate ; the second is multiarticu- 
late and plumose, all of them but the first pair double. The bifur- 
cate convolute organ between the double plumes is very minute. 
Middle plate of the tail edged with spines on its sides, and entire at 
the extremity. External caudal-fins twice as long as the middle plate, 
and curved upwards, the internal one about the same length as the 
middle plate, and pointed. 

The bifurcate and convolute organ between the double plumes 
of the four last subabdominal fins, together with the number of 
joints in these fins, seem to be the most striking characters of 
this genus. Mr Thompson, in the third memoir of his Zoolo- 
gical Researches, says, " It is not in the number of joints alone, 
however, that they (subabdominal fins) difl^er, their form and 
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structure is also essentially different. In Cynthia tlie four last 
of these members are each composed of a very large bilobate 
scale, supporting at its apex two taper articulate fins, strongly 
ciliated with plumose set« ; from between these originates an 
opaque organ which bifurcates, its two extremes of unequal 
length being rolled inwards, the one over the other," Mr Ed- 
wards considers that these last are the branchial apparatus. 

The two animals which are presently to be described, pre- 
sent characters of such a nature as to require the formation of 
a new genus for their reception. This will constitute a con- 
necting link between the true Opossum Shrimp and the genus 
Cynthia of Thompson. The subabdominal fins of the genus 
Mysis, are composed of one short joint, bearing a plumose 
fringe. The subabdominal fins of the two animals under con- 
sideration are of a mixed character, the two first and the fifth 
are like those of Mysis, the third and fourth are like those of 
the Cynthia in so far, that the plumes are double, while at the 
same time these two fins are triarticulate. Thus approaching 
to the genus NoctiUica of Thompson. 

Genus Themis to. 
Gftieric Characters, — Superior nntennte, armed witli a scale. First, se- 
cand, nnd fifiL segments of the abdomen bearing fins like the Mysis ; 
tliird nnd fourth witb the pediincks biarticiilatc, and eadi peduncle 
giving off two branches ; the external brunch of the fourtli very long 
and slender, semi articulated. 

/■jfl.4., pi. 11. 
T. Loftgigpinota. — Superior antcnnal scale of the same length, as the tot- 
minal joint of il9 peduncle, armed at its extremity witli a thick tuft of 
hairs. Inferior an tennal eealc twice as long as ita peduncle ; fringe 
not strong. Third subabdominal fin, with its internal branch, minute. 
Internal branch of the fourth, with a few long hairs from the extremity 
only. External branch reaching to the extremity of the caudal Rns, 
Internal caudal fin truncated. 

Long, J of an inch.— Haft., Frith of Forth, 

Description. — The whole body of a dark- yellowish or greenish colour. 
Eyra large, reaching to the extremity of the peduncle of the inferior 
antenna!. The reticulated portion black, and produced backwards in- 
feriorly, DoGtrnm very short, but sliarply pointed. First joint of the 
peduncle of the inferior antennoi very strong, the two following slen- 
der; the setaceous portion of the antenna arising from the extremity 
" ' }afl. The scale arises ftoui 'Cm itraet atvA ^w^cTiot -jra o^ *ic 
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Brat joint of the peduncle ; it is hardly twice the length of the pedun- 
<de» fileiider> and tapering Tery gradually to the extremity ; it iB rather 
thial^p^ ftiBged. The upper surface of the peduncles of the superior an^ 
h(^wed out^ forming a bed for the eyes. A short ovate scale 
firom the inferior part of the last joints immediately below the 
origins of the setaceous portions of the antennee. A thick bunch of 
matted hair anseff frcton its extremity^ which gives it the appearance of 
being biarticulated. The inferior edge of the external seta of the su- 
^ peiiov antennae bears a thin fringe of very strong hairs^ which are 
tiuckest and strongest near the base. The carapace is not large^ leav- 
ing two of the thoracic segments exposed posteriorly ; it is rounded at 
its anterior and inferior angle^ and considerably produced at its inferior 
and posterior angle. A strong biarticulate and chelate palpus ariscft 
from each side of the mouth. The abdomen is slender, but the seg- 
ments are not produced inferiorly. The branchial subabdominal fins 
are fire in number ; they arise from the inferior and posterior angle of 
ell the abdominal segments except the last. The first, second, and 
fiftti are like those in the genus mysis, viz., a single plumose joint ; the 
third and fourth are pedunculated — the peduncles being composed of 
tw« joints. The first joint is minute, the second is of considerable 
length ; two branches arise from the extremity of the second joint ; 
these branches, in the third fin, are both pliunose ; in the fourth one, 
the internal only is plumose. The external branch of the fourth con- 
sists of a very long six-jointed spine, which reaches beyond the extre- 
mity of the caudal fins ; it is very finely pointed ; the internal branch 
about the same as the first joint of the external branch. The caudal 
plate is slightly swollen near the base ; its edges are serrated, and its 
extremity bifurcated ; the bottom of the fork being rounded, and the 
extremities of the fork also blunted and rounded. The internal caudal 
fins are truncated at their extremities ; the external are paddle-shaped, 
and rounded at their extremities. Both of these fins are fringed at 
their extremities, and inferior edges with long hairs. 

Fig. 9. PI. II. 
T, Brevi spinosa, — Superior antcnnal scale not so long as the peduncle ; 
inferior antennal scale four or five times as iQQg as the peduncle. In- 
ternal branch of the third subabdominal fin minute; the internal 
Itfanch of the fourth longer than the first joint of the external branch ; 
the external branch extending a little beyond the base of the caudal 
fins, ending by means of a dart-like point. The lateral caudal fin 
ending in a sharp point superiorly, and rounded inferiorly ; the inter- 
nal fin oblong, ovate, and pointed. The lateral edges of the middle 
plate bearing a single row of long, sharp, and bent spines ; contracted 
near the base and the bottom of the fork> forming an acute angle ; 
prongs pointed. 

VOlrr XXXIir« KOc LXV.— ^/PLY 1842# M 
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Lony., 1 inch. — Hub., Fciib of Forth. 
DMoription. — The whole body moce robust thou that of the last described 
species, and of an opaque white colour, with a single row of blxck 
spots aloDg the dorsal mesial line of the abdominal segments. The 
fint joint of the peduncle of the inferior antennie very short and alnnoEt 
circular ; the two following are slender. The scale which arises fcora 
the superior part c^ die fust joint above the true antennie is very strong 
at the base, and then tupers gradually to a fine point. A fringe of long 
hairs borders il£ inferior edge. These hairs arc matted at the CKtieraity 
GO a£ to give them the appearance of a second joint ; two or three short 
strong spines arise from the extremity of the scale. The third joint of 
the peduncle of the superior antennte is considerably produced at its 
superior angle. The scale which arises beneath the setaceous portions 
is strong, bent upwards at its extremity, and pointed, but it is not 
fringed. The eyes are large ; the reticulated portion circular. The 
rostrum is of considerable length, but it ia not sharp. The interna) 
branch of the third subabdominal Qn ia mioute ; the external one ia 
long, slender, and finely pointed ; it is also fringed with very long 
hairs. The intcrnid branch of the fourth fin is longer than the first 
joint of the external branch ; and it is both more strongly fringed and 
more moveable than that of the last described species. The external 
iKsnch extends a, little beyond the base of the caudal fins. Tlic sixth, 
ur lost joint of this branch, suddenly contracts near the extremity to 
about half its original thickness, ending in a, dart-like point. The ex- 
ternal caudal fins end in a sharp point superiorly, and arc rounded in- 
feriorly ; the internal fins are oblong, oval, and pointed at the extrem- 
ity. These ace both fringed at their inferior edges and at their ex- 
iremities. The lateral edges of the middle plate armed with a single 
row of strong hooked spines. It is contracted near the base, and the 
angle formed by the bifurcation i.s very acute ; the extremities of the 
prongs are also sharp pointed and of a black colour. 
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Till' larva of Ctitigiti bears a great resemblance in its ex- 
terniil appearance to the larva of Cyclops on the one hand, 
and that of Leniea on the other. 

As it is mj intention to describe how the ovnm escapes from 
the oviduct, it will he necessary, to understand this properly, to 
give, in the first place, a short description of the organs of re- 
production in the femfile Caligus. 

These consift of the ovaries, internnt and exUrnal ovidiwt^H 
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ftncl tjb# vttiva through which the oviducts pa«s. The ovarii 
Wi two 9Vitl» elub-shaped bodies of considerable size, situated 
oa each aide, and rather anterior to the stomach. They are 
large and rounded anteriorly ; small, pointed, and converging 
poBteriorly. Each oviduct arises from the extem|il margin of 
HkB ovary. It may be divided into three parts, the thoracic, 
abdominal, and external. The first, or thoracic portion, is 
very slender ; at the posterior part of the thorax, however, it 
becomes considerably thicker ; and, in the abdomen, where it 
makes four or five convolutions, it is at its greatest diameter • 
it is considerably contracted as it passes out by the vulva. 
The external portion is all of the same diameter ; and, when 
arrived at a state of maturity, it is sometimes longer than the 
body of the animal. But the length altogether depends on 
the Impedes. 

' The thoracic portion is colourless ; and there a number of 
small defined objects are seen in it at regular intervals. When 
it TOaches the abdomen these bodies are found to be the im« 
matare ova ; at this point it is of a delicate carmine colom:, 
and has a striated appearance, from the eggs being placed 
close together. 

The external oviducts, a short time after the ova have es- 
caped, drop off, and new ones soon begin to make their ap^ 
pearance. At first the point only is seen jutting out from the 
vulva, they then gradually increase until they arive at a state 
of maturity. 

I have not ascertained the length of time which is required 
before they attain their full growth. Seeing, however, that 
the distal extremity of the external oviduct is thus first pron 
truded, it may be apprehended that the ova contained in that 
part of the oviduct are first ready for exclusion, and this ac- 
cordingly we find to be the case. 

The internal structure of the external part of the oviduct, 
consists of a number of cells placed in a single row, and of 
the same diameter as the duct ; these cells are formed by a 
number of strong membranous septa, placed at regular inter- 
vals. The membranous septa, which divide the oviducts in- 
to compartments, are of use, in so far as from their strength, 
they prevent the ovum escaping into the empty part of the 
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dui:t. TLey act iu the following way : — The ova, as tlioy in- 
crease in size, cause a considerable degree of pressure on tlie 
membranous septa, and especially on the septum, separating 
ihe last ovum fom the empty part of the cell ; this by its 
I esiatance throws the pressure on the circumference of the 
* cell, this being the weakest part, and the ovum at the same 
time extending longitudinally, the snaaller end of the egg is 
thrust through the coats of the duct, and thus becomes free. 
In each of the cells just mentioned, there is an egg, so that 
the oviduct consists of one row of eggs only. 

Thus, as the ova increase in size, the membranes of the 
oviducts become tense, and burst, and the ovum escapes, but 
still remains attached to the oviduct, by means of the ovisac, 
which acts as a cord ; the ovum remaining attached to the 
oviduct by this means, until the young animal is ready to 
burst from the egg. After the young animal has escape<l 
from the ovum, it remains for a considerable time attachetl 
to, or near, the parent animal- The ova belonging to the 
distal half of the oviduct are generally freed from their at- 
tachment to the motlier altogether, before those in the proxi- 
mal half are ready for exclusion from the oviduct. They 
burst, with very few exceptions, from the external edge of 
the oviduct ; and I have never seen them burst through the 
membranous septa. They are of a flat shape while in the 
oviduct, bearing considerable resemblance to a double con- 
vex lens ; after they have escaped from the oviduct, they 
become more spherical, and when placed under a powerfiil 
glass, the young animal is distinctly seen through the trans- 
parent membranes. The young animal at this stage is of a 
brown colour, with various strealts of purple ; the body is of 
a conical sliape, and a constriction or neck separates it from 
the head. There is no appearance of antennne, but there aie 
one pair of feet on each side of the body, which divide at 
their extremities into several long slender spines. 

\Vhen examined during this stage, under a powerful glass, 
by means of transmitted light, nothing is perceptible but cel- 
lular structure in different degrees of density. The intestinal 
eanal is also perceptible. When the ovum is a little more 
•d, there is sometimis, although not always, the ap- 
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^pearance of two small segments arising from the posterior 

part of the body. The larva, a short time after being hateh- 

-€d, becomes considerably elongated ; it has got three pair of 

legs, each bearing long spines at the extremity. The third 

•pair w^e making their appearance before the animal had left 

the OYom. There are also two spines on each side of the 

body, at its posterior extremity. The difficulty of keeping 

these animals alive for any length of time in confinement, 

has prevented me tracing their further development. 

SECTION 111. 

On Zoe — The development of the Ovum, and the metamorphoses 
of Carcinus Mcenas, and Pagurus Bernhardus, 

The absence of a metamorphosis in the Crustacea, was con- 
sidered by Leach to be one of the most decisive characters of 
the class. This opinion, however, has been overturned hy 
J", v. Thompson, who, by a series of observations, has dis- 
covered that the Crustacea do undergo a metamorphosis, and 
that what have hitherto been considered as perfect animals, 
viz. — ^the Zoe of authors, are only the larva of different spe- 
cies of Crustacea Decapoda. Mr Westwood again has assert- 
ed, that the Crustacea do not undergo any metamorphosis, 
bringing forward at the same time observations, the results of 
which were opposed to those of Mr Thompson. Being 
anxious to observe for myself, I obtained the different species 
of the higher Crustacea, common on the shores in this neigh- 
bourhood. When loaded with spawn, they were kept alive 
in vessels of salt water, and in every case I have found the 
ova to produce Zoe ; and even all the lower Crustacea which 
I have yet examined undergo a metamorphosis, although not 
so decided as that of the higher Crustacea. At prestti^t I 
shall describe the Zoe of two of our most common species, 
viz. — Carcinus Mcenas and Pagurus Bernhardus, 

When the larvae of the common crab are newly hatched, 
the body is destitute of spines, but, in a short time, both the 
dorsal and frontal spines make their appearance (fig. 18, PI. III.) 
The eyes at this time are very large, the central or reticulat- 
ed portion black, wHh a beautiful shade of green.* The fron- 
tal spine as long as the carapace, sharp and pointed. The 
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autennie arige immediately behind the base of this spine, thfly 
are biarticulftte, with tbe pedunttle large. Tlie palpi arise 
immediately behind, and the branchia are in visible and con- 
stant motion below tlie carapace at this spot. The legs are 
four In number, the first pair at this time composed of two 
parts, aa external and an internal. The external, like those 
of the Cancer Pagm'us, are plumose, being armed at the ex- 
tremities with three or four strong plumose spines ; the in- 
ternal part arises from the extremity of the first joint ; it is 
multiarticulate, and armed at the extremity with a claw; 
there is no appearance of this division on the last pair of legs. 
The abdomen is five-jointed, the last joint armed with two 
long and curved spines, bearing a number of smaller spines on 
their inner edge near the base. The intestinal canal is ob- 
served running along tbe lower edge of the abdomen, and the 
heart may be observed at the base of the dorsal spine, beat- 
ing synchronously with tbe motions of the branchiae. If the 
young animal is freed from the tunics of tbe ovum a few days 
before hatching, its appearance b perfectly different (fig- 16, 
PI. III.) The antennse are long and slender. The eyes are 
small and sessile, and the caudal fork is armed with a num- 
ber of curious brush-shaped appendages. (Fig. 17. PI. III). 

The Zoe of the Pagurus (fig. 12. PI. III.) when it escapes 
from tbe egg, or a short time after, is perfectly transparent, 
the thoracic portion of tbe body is slightly opaque, and the 
eyes are black. The abdomen, however, is perfectly translu- 
cent, and the observer requires to look very attentively before 
it can be defined. On being excluded from the egg, the 
young animal is doubled upon itself ; the abdominal portion 
of the body is bent closely under the thoracic portion, and it 
is kept in this position by means of a very thin sao or mem- 
brane. 

It very soon frees itself from this by a few violent effoils, 
and then the antennae, the feet, and tbe abdomen, all become 
free and extended. The proximate half of the abdomen only 
is confined within tbe sac, the distal half is quite free. The 
Zoe of this species is destitute of spines, the spine on the dor- 
sum of the carapace and the frontal spine being absent- 
Aiwon as the young animal frees itself of the sac befftra 
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flBMlittou^ the thorax apparently becomes much smaller ; 
thb arises from the contents of the sac escaping, and the tho- 
rax proper only being left. The head is' separated from the 
body by means of a slight constriction. The eyes are very 
large, reticulated, and black ; they are situated on the dorsum 
and anterior part of the head, on two round tubercles (fig. 15, 
PI. IIL) there being a notch on the mesial line. These tu- 
bercles, I hare no doubt, form the ocular footstalks, when the 
animal lias come to maturity. The carapace is about twice 
the length of the head, its free or lower edge falls considera- 
bly down, concealing the origins of the legs ; at this part the 
thorax is quite transparent, the extreme edge being only of a 
red colour. Immediately below the eyes are the four anten- 
MB ; the inferior pair arise from the lower surface of the body, 
and the first articulation, or what may be termed the pe- 
duncle, just reaches the anterior edge of the carapace; it then 
gives ofi^ two articulated setae, which are considerably longer, 
rery transparent, and taper to exceedingly fine points. The 
supericnr antennae, which are also the innermost pair, are 
more robust, the peduncle is longer than that of the infe- 
rior one ; this pair of antennae act much in the same way ba 
the inferior, only the setae arises from the superior edge of 
the peduncle. Four legs arise from the posterior part of die 
thorax ; they are bifid to the first like the antennae. The ab- 
domen is seven-jonted, about three times as long as the tho- 
rax, liie last joint spoon-shaped, the lower surface being con- 
care. The posterior edge is armed with a single fringe df 
strong spines, ten in number ; it is notched in the centre. 
(Pig. 14, Plate II.) 

This discovery of a metamorphosis will enable us to decide 
with greater precision on the species of Crustacea, the lame 
of these animals having specific distinctions as decided, doubt- 
less, as those of the insecta. 

SECTION lY. 

On the Structure and Habits of the Caprelloe ; with descriptions of 

some new Species, 

The genus Caprella of Lamarck was separated by Latreille 
ftoin the Isopoda, with a number of other crustaceous animals. 



1^ Mr Henry Goodwr oh a Xere Gemti. 

and formed into a distinct order, viz. tlie Lamodipoila or La- 
mipoda. This order has been further subdivided into two 
families, viz. the Ltemodipoda Filiformia, and the Lcemodipada 
Oraliti. It is tlie first or Filiform Lfemudipoda and the genns 
Caprelln of this family which will engage our attention iit 
present. I have had considerable opportunities of examining 
the animals belonging to this genus in a living state, and by 
this means have been enabled to draw up a short account of 
their history. Little is at present known either of their inter- 
nal structure or habits. This is owing, in a great measure, 
to two causes ; firstly, to their pelagic habitats, and, secondly, 
to the peculiar structure of their bodies, which much resembles 
in its external appearance the coralines which they inhabit, 
on which account they are apt to be overlooked. In general, 
too, they are almost colourless, although they are very often 
found of various colours, carmine, green, bro>vn, and all the 
intermediate hues. 

The body of the Caprellcp, exclusive of the obsolete abdu- 
men, b composed of seven segments, bearing five paiars of am- 
bulatory legs ; the second and third thoracic segmerits, each 
bearing one pau" of membranous finlets, which act, to a certain 
extent, as organs of respiration. There are two pairs of an- 
tenna, and the mechanism of the mouth" is rather complicated. 
The digestive canal is a simple straight canal, which, during 
its course through the post occipital and first thoracic seg- 
ments is considerably dilated ; after this, however, it runs to 
the distal extremity of the body ivithout fai-thor complication. 
It S& seen to pulsate at irregular intervals, and this is observed 
at that part only immediately above the ovarian openings ; the 
ovaries when present, m'e attached to the digestive canal at 
this point by cellular structure, and by this means they also 
are subject to this pulsation. The vascular system in the 
caprellte is composed of two sets of vessels, the one arterial, 
the other venous. These are most easily observed in the an- 
tennte ; the main artery runs along the superior, and the vein 
along the inferior edge of the antenna ; lesser branches either 
spring from or run into these main trunks. A large dorsal 
vessel is seen in the trunk ; but owing to the greater opacity 
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ol'tLe body, I Lave been unable to trace the anatomy of tbe 
blood-vessels farther. On placing a live caprella under tlie 
microscope, the blood is seen circulating through the vessels 
of the nntennffi in a most beautiful manner, passing from the 
body by means of tbe superior or arterial trunk, and return- 
ing again by means of the inferior or venous. The blood 
globules in these vessels are seen passing onwards steadily 
and continuously ; some of tbem are often lost to the field of 
the microscope, passing off probiilily by means of the smaller 
lateral branches. Sonietiuies it is oscillatory, that is to say, 
the globules are seen vibrating backivards and forwards, but 
this is only occasional, in general it is continuously onwards, 
frequently, however, they jerk suddenly forwards, but tbey 
subside as rapidly into their usual course. The circulation 
does not seem to be guided by any apparent pulsation ; the 
globules are spherical, not very numerous, and are suspended 
in a colourless liquid. I have not been able as yet to detect 
any appearance of a nervous system. 

The organs of reproduction are extremely curious, and are 
complicated in the female. 1 am not acquainted with tbeir 
peculiar organization in the male. 

The ovaries (fig. 2. PI. III.) are two long slender bodies which 
lie along each side of the intestiual cauiil. Eachof tbem arises 
from the posterior part of the post-occipital segment ; during its 
course through the first thoracic segment it is thin and slender, 
but as it reaches tbe second it becomes considerably larger : 
H,nd about the middlo of this segment each of them gives otf a 
small duct — tbe oviduct ; these meet one another in the mesial 
line by means of one common opening through the roof of the 
ovarian pouch ; another duct is given off in the same way at 
the second ovarian opening, and the ovaries then end at the 
posterior extremity of the fourth thoracic segment. The in- 
ternal struoture of tbe ovaries is like thot^e of the caligi ; they 
consist of a single row of cells, each of which contains an egg. 
The external organs of generation in the female are composed 
of a series of plates four in number, which, when enlarged, 
forms a floor to a con-esponding cavity in the abdominal sur- 
face of the two middle thoracic segments ; this forms the ovi- 
'eroua sac or pouch. When the animal is with spawn, these 
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two thoracic segments become more intimately joined together, 
that ]£• to say, tlieir common joint becomes a fixed suture ; the 
two ovarian cavities also approximate on their lower surfaces, 
and become opposed to one another, thus allowing the ovarian 
plates to overlap one another, and cover the eggs without be- 
coming inconveniently large. 

Theovarianplates(fig.3. PI. III.) asl have stated formerly, are 
four in number ; they are of an irregular oval form, and are 
-nrmedon their edges with a single row of stronghooked spines >' 
these seem to be of use in so far as to prevent the over-dis- 
tension of the plates by means of booking into one another- 
.The ova are not largo, quite globular, and of an opaque yel- 
low colour. On one occasion, while examining a female 
CaprtUa under the microscope, I found that her body was 
thickly covered with young ones ; they were firmly attached 
to her by means of their posterior feet, and they were resting 
in an erect posture, waving about their long anteun» with 
great activity. The Caprella, like all the lower Crustacea, 
oast their skins ofteu. Before the process commences, tbe 
animal lies for a considerable time languid, and to all appear- 
ance dead ; at length a slight quivering takes place all over 
the body, attended in a short time vrith more violent exer- 
tions ; the skin then bursts behind the head in a transverse 
direction, and also down the mesial line of the abdominal 
surface ; a few more violent exertions then frees the body of 
its old covering. After this the animal remains for a consi- 
derable time in a languid state, and is quite transparent and 
colourless. 

The habits of the Cuprellw, arising from the difficulty of 
keeping them alive for any length of time, are little known. 
They are in general local in their habitats, frequenting corahnes 
which are found in deep water. They are never seen catch- 
ing prey ; slow and deliberate in their motions, they are not 
fitted for this mode of life. While at rest, they firmly adhere 
to the object by means of their posterior thoracic legs, gene- 
rally in an erect posture, waving about their long antennae, 
by which means they bring within their reach animalcules and 
other objects of food, which are then drawn into the moutli. 
Their usual mode of progression is like that of the larvn of 
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IIm^ OMiMter moths, as mentioned by Montague. They 
iKMXl6tnsies walk in this way for a considerable time, and then 
6udd6nly stop, remaining perfectly motionless, not even mov- 
^Ott; their antennas. I have never seen them swim, aiid even 
wben pushed off their resting-place, they fall listlessly to the 
bottom of the vessel in which they are confined. 

Caprella, Lamarck. 

i5hBMH4 tharaetert. — Branchial lamellee^ two pairs attached to the second 
$Ad third segments, which are apodal.* 

Body armed with Spines. 
Plate m. Fig. 1. 

CapfUa epinasa. — One spine arises from the dorsum of the head^ another 
from the posterior extremity of the post-occipital segment, other two 
arise in the same transverse line on the dorsum of the swellings of the 
first thoracic segment, and a fifth from the posterior extremity of this 
segment Superior antennee as long^ or almost as long, as the body^ 
last joint multiarticulate. Swelling on the first thoracic segment near 
the anterior extremity. Two spines on the lower edge of the last joint 
of the second pair of feet. Long, 1 inch ; hab.^ Frith of Forth. 

Deieripiion.^^The whole body of a pale white colour, with the exception 
ef the eyes, which are black. The dorsal sur&ces of the two first seg- 
ments of the body are armed with long sharp curved spines, which 
point forwards ; one arises from the vertex of the head, another from 
the posterior^ extremity of the post-occipital segment, other two arise 
in the same transverse line from the swelling on the first thoracic seg- 
ment> and a fifth from the distal extremtty of the same segment. Su- 
perior antennee as long as the body ; first joint obsolete ; second and 
fburth as long as the head and post-occipital segment conjoined ; third 
almost twice as long ; fifth multiarticulate, and as long as all the others 
conjoined ; it is composed of about 26 articulations ; fourth articulation 
slightly clavate. Inferior antennes a little longer than the three first 
joints of the superior antennse ; the two first joints equal in length to 
the palpi, the third reaching a little beyond the second joint of the 
superior pair, fburth and fifth reaching beyond the third, fifth triarticu- 
late. 

Head rounded considerably, produced inferiorly, eyes circular, blacks 
and reticulated ; post-occipital segment twice as long as the head; firs^ 
thoracic segment with the swelling before the middle, and a spine point- 
ing forwards immediately above the origin of the second pair of legs ; 
femoral joint elavate, twice the length of the first thoracic segment ; last 
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joint oblung ovate, produced into a small blunt tootL at its anterior 
edge ; lower edge armed trith two strong spines ; the interspace anned 
with a number of strong spines ; claw stioog ; apodal thoracic segments 
considerably lengtliened, sUglitlj coutiactcd posteriorly. The origin 
of tlie brancliial lamellEc placed behind the middle of the segment. 
Posterior throacic segmeuta nonpcdicuktcd ; lege long, bearing a. few 
bristles ; inferior edge of the last articulation of the last pair of legs 
amiLd near the base with a small tooth. 

This species differs from the Caprella Phannia of Colonel 
Montague in having five spines on the first thoracic segment, 
and from the segments of the body being considerably longer . 
The third joint of the superior yntennse is very much longer, 
and the first pair of feet are also minute and slender, differ- 
ing in so far from those of Phas hi n, which are strong and 
powerfnl. The inferior edge of the last joint of the second 
pair of feet is also armed with two strong spines, whereas in 
the Pkagma there is only one strong spine, 

Plate ni. Fig. 6. 

3. Caprella tuherculata, — Body robust. Snperiur BUlenne! almost reach- 
ing to the first finlet ; fourth joint about half the length of the third ; 
fifti] joint composed of about thirteen nrticulatioo!:. A short spine on 
the summit of the head almost as long as the post- occipital segment ; 
swelling of the first thoracic segment exactly in the middle; a short 
tubercle an the summit. Femoral joint of the same length as the 
depth of the segment; last joint oval. Four tubercles placed in a 
square form on the dorsum of the fourth thoracic segment. A. spine 
on the last joint of all the three last legs, Long. | of an Inch. Hab. 
Frith of Forth. 

Detcriplion, — Whole body of au opaque yellow colour. All the joints 
of the body bearing spines or tubercles on the dorsal surface. Head 
nearly spherical, with a short sharp spine on its vertex, almost as long 
as the post-occipital segment. Eye small and spherical. Superior 
antenniE reaching to the middle of the second thoracic segment; first 
joint obsolete ; second as long as the head and post-occipital segment 
conjoined ; third longer ; fourth joint about half as loEg as the third ; 
fifth multiarticulate, raoniliforni, and composed of fourteen articula- 
tions armed with spines on their lower edge. Inferior antennio reach- 
ing to the middle of the fifth joint of the superior antennae ; two first 
Joints together equal in length to the half of the third, fourtli, and fifth 
of the same length; last joint armed with a claw. Eyes small, blact. 
PoEt- occipital segment a very little longer than the head, and bearing 
two blunt tubercles at each extremity. First thoracic segment twi<^c 
IS long, swelling very little, and ailuatfd in the middle; a blunt ■ hort 
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Uibeicle suMnounts its dorsal surface. The femoral joint is very short 
and robust — it is angular^ that is to say, bearing three ridges ; last 
joint is large and oval^ serrated on its inferior edge ; a large tubercle is 
ffltoated near the base ; the claw is short but powerful. The second 
and third thoracic segments are of the same lengthy second more slen-> 
der: branchial laraellse are shorty and arise considerably behind the 
middle^ and a blunt tubercle arises from the dorsum of the segment 
iminediately above the origin of each. Fourth joint is very rough — ^it 
is anned with a tubercle on its dorsal surface at its anterioc edge ; 
another larger and flatter one immediately below this on its lateral 
surface^ and four other sharper ones placed in the figure of a square 
at its posterior part. The two following joints are pediculated^ and 
bearing two sharp spines on each. All the joints of the posterior tho- 
racic legs are powerfully clavate^ which gives them a serrated appear- 
ance ; a short strong tooth arises from the inferior edge of the last 
joint near the base. 

This species is apt to be confounded with the Caprella 
acanthi/era of Leach, but may be distinguished from it by the 
double fringe of spines on the lower edge of the inferior an* 
tennse ; the superior antennae are also much shorter than those 
of the acanthi/era. 

Body frbb from Spines. 
Plate III. Fig. 4. 

Caprella lavis, — ^Body without spines. Superior antennse not reaching 
the origin of the second pair of legs ; last joint composed of six arti- 
culations. Head almost triangular ; post-occipital segment four times 
as long as the head. Swelling on the first thoracic segment near the 
posterior edge ; coxal joint large produced. Length, one inch. 

Description^ — The whole body is quite smooth, shining, and free of spines. 
The head is almost triangular. Eyes near the upper surface and very 
small. The superior antennse are very short and strong: third joint 
very strong, and as long as the two following : last joint composed of 
thirteen articulations. Inferior antennae not so long : the two first joints 
very short : inferior edge of all the articulations armed with a strong 
fringe of double spines. Front pair of legs strong, and almost as long 
as the lower antennae. 

Post occipital segment slender, and four times as long as the head. First 
thoracic segment very long, slender at its anterior extremity, and with 
the swelling entirely situated at its posterior extremity. Second pair 
of legs arises from the anterior part of the swellings : coxal joint large 
and produced : femoral joint considerably bent and slightly clavate : 
last joint oblong ovate tod armed on its inferior edge with two spines^ 
one near, or rather at the middle, which is smallest, and the other about 
its own length from the anterior extremity : a number of denticle*: an4 
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Mr Hear)' Goodsir oh a iVi»i> Genui, 4*c- 
ICrong tpines aim [lie uiCerspact : claw atrong and bent : lliglUJy i 
tened on ils superior edge. 
Second and third iboracic segments veiy short, wanting about a third 
of (lie length of tlie first thoracic : fourth icgment equal in length to 
eilher of the two former : fifth and sixth pediculated, la^t almost glo- 
boaa. Segments of all the posterior legs lengthened ; last joint of the 
last pair with a tooth on its inferior edge near the base : claws stioog. 
This species may be distinguished from Caprelia linearis, 
with which it is most apt to be confounded, by its greater 
comparative size, the structure of the antennce ; by the short- 
ness of the post-occipital segment ; the situation of the swel- 
ling on the first thoracic segment, which is at the posterior 
(.-dge, whereas in the Uneans it ie at the anterior ; the femo- 
iiil joint of the second pair of legs is not elavate in the line- 
arin, and is also (juite straight, h 

Piatt III. Fig. 8. 
Caprella linearin. — Superior antennto rendiiog to the middle of third 
thoracic segment : bead very deep : post- occipital segment extremelj 
short, almost of the same length as the head. Swelling at the anteiiot 
extremity of the first tlioracic segmont. Femoral joint of (he second 
pail of legs almost as long as the first thoracic segment: last joint oval; 
one tooth on its lower edge near the base. Length, half iin inch. Hab, 
Frith of Forth. 
Deseriptlon. — The whole body almost colourjciia : very fragile. Head 
Tery deep, being almost twice as deep as the post- occipital segment. 
Superior antennas reaching almost lo the middle of the third thoracic 
segment. Last joint composed of about twelve articulations. Inferior 
autennaa hardly so long, and strongly fringed with spines on its lower 
edge. The post-oceipital segment is estrcmely short, liardly so long as 
tlie head itself. First thoracic segment twice na long as the head and 
post-occipital segment; the swelling is situated near the anterior extre- 
mity at this part: it givca off a small biancli from wliich the second 
pail of legs ariaes. The femoral joint is not clavate, quite stiaightj and 
of no great length, not being so long as the first thoracic segment : last 
joint oval, almost globular, and armed with one tooth on the inferior 
edge near its base. Claws small. Second and third thoracic segments 
of equal length ; second more slender. Branchial lamellce small and 
situated near the middle of the segment. Fiftii and sixth thoracic seg- 
ments pediculated. The posterior thoracic lege almost moniiiform ; 
an nlmost obsolete tooth being placed on the inferior edge near the 
base of distal segment of the last pair of feetp 
This appears to be the Caprella linearU of authors ; there 
1 e some marks of differecoet but they are trivial, and Dot 
I f&dent to authorize any new specific distinctions. ■ 
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Description of Plate II. 

Kg. 1. Cynthia Flemingii. 
*•. 2. Fart of inferior antennae, with scale. 
••. 3. Natural size of Cynthia Flemingii. 
•*. 4. Themisto longispinosa 

••. Ar The third and fourth suhabdominal fins ; a, peduncle of the third ; 
h, external branch ; c, internal branch ; d^ peduncla of the fourth 
suhabdominal fin ; e^ interm^ branch ;/, the long eztomal branch. 
— 6. The superior antennal scale of T. longiapinosa. 
••• 7* Nat size of T. longispinosa. 
••• 8. Middle caudal plate. 
••• 9. T. brevispinosa. 

*•• 10. The third and fourth suhabdominal fins of T. brevispinosa^ the let- 
ters refer to the same parts as thoM in the tame cbawing of tibi. 
T. longispinosa. 
• • 11. Natural size of T. brevispinosa. 
'«« 12. The middle caudal plate. 

Description of Plate lit. 

g. 1. Caprella ^inosa. 

..2. Natural size. 

.. 3. Ovarian plate, and one of the branchial fins attached, it shews the 

upper or concaved surface with the hooked spinea. 
.4. Caprella IseviSy magnified. 

5. Natural size. 
. 6. Caprella tuberculata, magnified. 
7* Natural size. 

8. Caprella linearis, magnified. 

9. Natural size. 
. 10. Magnified lateral view of the second and third thoracic segments of 

Caprella spinosa, shewing how the segments become changed dur- 
ing spawning, with the ovarian plates and branchial finlets in the 
natural position. 

. 11. Enlarged view of Ovaries A. and Oviducts B. ; a, anterior extre* 
mity ; b, posterior. 

. 12. Zoe of Poffurm Bemhardus, lateral view. 
13. Back view. 

. 15. Ocular tubercles. 

. 14. Caudal segment. 

. 16. Lateral view of the Zoe of the Cartinus mctnas, sometime before 
it has escaped from the ovum. The tunics of the egg have been, 
stripped ofi; 

. 17. Last abdominal segment, and caudal fork of the same, shewmg the 
curious brush-shaped appendages ; these drop off when the animal 
has esoBjped from the ovum, and ai» i^la^ed by spines. 
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Fig. IS. !i>ide xiev of the Zoc of tbe Cai-cinm manii, a. short time 

has escaped from the OTum. 
... 19. Appearance of the Lsrvn of the C'ii%»i /iisfi'imf, sometime 

has escaped from the ovum. 
... 20. Mature ovum of the same. 
... 21. Orum in an early stage. 
... 32. Ovum a little farther advanced. 
... 33. YouDg CaligitB taken from the o^g ; it is at .I more adviiiice 

than the lasL 
... 24. External oviduct of Caligus, shewing the escape of the o 

liow they remain attached until the young ore hatchcl. 



AfiditioMol Olservat'wnn On Fibre, conlained in a Memoir Ittteii/ 
read to the Boi/al Society of London. By Martin Barry, 
M.D., F.R.S., Lond. and Ed. 

On examining coagulating blood, the author finds that it 
contains discs of two different kinds ; the one comparatively 
pale ; the other, very red. It is in the latter discs that a fila- 
ment is formed ; and it is these discs which enter into the for- 
mation of the clot ; the former, or the pale discs, being merely 
entangledin the clot, or else remaining in the serum. He thinks 
that the filament escaped the notice of former observers, from 
their having directed theii- attention almost exclusively to the 
undeveloped discs which remained in the serum, and thus con- 
ceived that the blood-discs are of subordinate importance, and 
are not concerned in the evolution of fibrin. 

To render the filament distinctly visible, Dr Barry adds a 
chemical reagent capable of removing a ^portion of the red 
colouring matter, without altogether dissolving the filament. 
He employs for this purpose chiefly a solution of one part of 
nitrate of silver in 120 parts of distilled water ; and sometimes 
also the chromic acid. He admits that the use of these 
reagents would, on account of their destructive tendency when 
concentrated, be objectionable as proofs of the absence of any 
visible structure ; but as the point to be proved is, that a cer- 
tain specific structure does exist, he contends that the same 
appearance would not equally result from the cliemical actions 
of rea.irents so different as are those nf chrome and the salts of 
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mercury and of silver. After the appearance of the filament, 
thus brought to light, has become familiar to the eye, it may 
be discerned in the blood-discs, when coagulation has com- 
menced, without any addition whatever. Those blood-discs 
of the newt, which contain filaments, often assume the form 
of fiask-like vesicles, the membranes of which exhibit folds, 
converging towards the neck, where, on careful exammation, 
a minute body may be seen protruding. This body is the ex- 
tremity of the filament in question, its protrusion being oc- 
casionally such as to admit of its remarkable structure being re- 
cognised. 

The author proceeds to describe various appearances which 
he has observed in the coagulum of the blood, and which 
strongly resemble those met with in the tissues of the body, 
and are obviously referable to a similar process of formation. 
He bears testimony to the accuracy of the delineations of coa- 
gulated blood given by Mr Gulliver. One of the most re- 
markable phenomena discovered by the author in the coagu- 
lation of the blood is the evolution of red colouring matter ; 
a change corresponding to that which he had previously ob- 
served to take place in the formation of the various structures 
of the body out of the corpuscles of the blood. He considers 
the production of filaments as constituting the essential cir- 
cumstance in coagulation. 

He conjectures that the notched or granulated fibres noticed 
in the blood by Professor Mayer, may have been of the same 
kind as the fiat, grooved, and compound filaments described by 
himself; but he thinks that, in that case, Mayer^s explanation 
of their mode of origin must be erroneous ; for they may be 
seen to be produced by a portion of the blood not mentionekl 
by him, namely, the corpuscles. 

Mr Addison's discovery of globules in the uppermost stra- 
tum of inflammatory blood, and of their influence in the forma- 
tion of the buffy coat, is confirmed by Dr Barry, who remarks 
that these globules are altered red blood-discs. That the 
blood corpuscles are reproduced by means of parent cells, as 
suggested by Mr Owen and by the author, is confirmed by 
the observations of Dr Remak ; but the author had long ago 

VOL. XXXIII. NO. LXV. JOLY 1842. N 
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indiuited u divisiun of the nucleus an being more particnluiy 
the mode of reproduction, not outy of those corimscles, bat of 
eells in general. AMth this conjecture the observations of 
Remak on the blood-corpuscles of the I'cetal chick fully accord- 
Whether the authors further speculation, namely, that the 
parent-cells are altered red blood-discs, is correct, still remaios 
to be seen. 

The phenomenon of the " breaking off short," or notching 
of the fasciculus uf a voluntary muscle in a traris\ erse cleavage 
of the fibre, is regarded by Di- Barry as a natural consequence 
of the interlacing' of the larger spirals, which he has described 
in a former paper ; the fracture, in proceeding directly across 
the fasciculus, taking the direction in which there is least re- 
sistance. 

The position of the filament in the blood- corpuscle is repre- 
sented as bearing a striking resemblance to that of the young 
in tlie oiiini of L-ertain intestinal \vorms, the filaments of 
which are reproduced by spontaneous division. The author 
subjoins the following quaere, " Is the blood-corpuscle to be re- 
gErded as an ovum V 

(We are fequested by Dr Barry lo state tbat the above abstract cou- 
UiOE several errors, mnong nljich are the follotvingf (see paragraphs 5 
and 7.) 

1. That tUe blood-corpuacleB are reproduced by meaus of parent cc11b._ 
he had not " suggested," but clearly shewn. ^^U 

2. That a division of ihe nucleus is more particularly Ihc mode oC^^I 
production, was no "conjecture," hut recorded as a foct. 

3. That the parent^cells ate altered red biood-dises, was also an ob- 
served (act, and not a " epecultttion.'' 

4. It is the filament formed in the blood-corpuacle that Dr Barry de- 
scribes as being reproduced by self- division, and not the filaments of in- 
testinsl worms. — Edit. 




Meteor ological Table. 

Lord Gray's Meteorological Table/or 1811. 

EiMicted from the Register kept at KinfiuinB Oulle, North Britaiii. 
l^t. f>e° 38' Siy^Abovfl the I«nl of the M*, ISO feet. 
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Pi'olessof Jameson then exhibited finely preserved specimens of the 
following large fishes, taken lately io the Frith of Forth, and chiefly 
in Aberlady Bay ; — 1 , A Tunny, 8 feet long, and fire feet 6 inches 
in cirourofei'ence where thickest ; 2. Portbeagle Shark, 7 feet 3 inches 
long, by 4 feet in circumference ; 3. Great Sunfiih, 5 feet 2 inches 
in length, and 2 feet 8 inches in depth ; and, 4. Conger Eel, 6 feet 
6 inches long, 1 foot 10 inches cii-eumreronce. The Professor also 
exhibited a beautifully spotted Seal, 6 foet 6 inches long, 4 feet l^i 
inches cireumference, which had been entangled and drowned tit 
herring net off Inchgarvey, near Queensferry. 

April 16. — Pi'ofessor Jameson, President, in the Chair. 

The assistant Secretary read a memoir, giving a description of' 
magnetical instrument invented and constructed some years ago by 
5Iark Watt, Esq. of Edinburgh, which, standing upon a table in any 
■"oom, and secluded under a crystal shade, points in the direction of 
the wind. This instrument is formed of a thin bar of wood, of three 
or four inches long, which traverses like a compass, upon a steel pivot, 
by mcHns of an agate-capsule inserted into the wood. Three or four 
magnets are affixed to one end of the bar of wood, which has a slit 
one-third of i(s length to receive them. They are placed in a line, 
at a distance of half an inch from each other. The magnets are very 
light, being pieces of the mainspring of a watch, made straight, of 
different lengths, increasing from one inch to three. They are fixed 
quite perpendicular to the horizon, and therefore deprived of polarity, 
with all the south poles uppermost and north undermost. The in- 
strument is not a perfect vane ; for although the bar of wood stands 
exactly according to the direction of the wind, it is indifferent to it 
which end it turns towards the point the wind blows from. Yet 
several rather interesting deductions in physical science can be drawn 
from it. It evinces the connexion between magnetism and electricity. 
It also renders it probable tliat our variable winds are caused by elec- 
trical currents, as this instrument anticipates tlie changes of the wind 
hy a quarter or sometimes half an hour. The instrument was ex- 
hibited and explained by Dr Glover. 

Mr John Goodsir read a paper by Mr H. D. 8. Goodsir on the 
metamorphoses of Carcinus and Fagurus, and on some new species of 
Caprella (see p. 174.) 

Dr Robert Hamilton then read a paper, entitled : Beport on t|i€ 
more recent inveBtigations concerning the structure, habits, and mo. 
nomic uses of Fishes. 
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List of Prizes of the Boyal Scottish Society of Arts for 

Session 1842-43. 

The EoYAL Scottish Society of Arts proposes to award 
Honorary Medals, and Pecuniary Prizes, for approved Com- 
munications. 

No Prize to exceed Thirty Sovereigns, 

The attention of the Fellows and of the Public is directed to In- 
ventions, Discoveries, and Improvements in the Mechanical and 
Chemical Arts in general, and also to means by which the Natwrai 
Productions of the Country may be made more available ; and in 
particular to, — 

Experiments applicable to the Useful Arts. 

Inventions, Processes, or Practices from Foreign Countries. 

Practical Details of Pubuc or other undertakings of National 
importance, — not previously published. 

Methods of Economising Fuel, Gas, &c.— -of preventing Noxious 
Vapours from Manufactories,— of procuring small, intense, and 
uniform sources of Heat. 

Improvements in Instruments for Measuring minute quantities 
of Heat, — in the Manufacture of Iron, and other Metals, in 
the making and Tempering of Steel, — in Calotype, Daguerreo- 
type, and Electrotype, — in the preparation of Lime and Plas- 
ter for Fresco Painting, and for appropriate Tools for laying 
the Plaster with precision, — in Electric, — Voltaic, — and Mag- 
netic apparatus, — in Pavements, — in Balance or Pendulum 
Time-keepers, — in Taps and Dies, — in Glass and Porcelain, — 
in Land, Marine, and Locomotive Steam-Engines, and Rail- 
way Carriages, — in Railway Telegraphs and Signals, &c., &c. 

KEITH prize. 

The Society will also award the Keith Mbdal, value Thirty 
Sovereigns, for any important Invention, Discovery, or Im- 
provement in the Useful Arts. 

General Observations, — ^The Keith Medal may be awarded for 
any communication which shall comply with the terms of the an- 
nouncement of that Prize, although falling under any of the aboT§, 
specified subjects. 
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Tilt' daocriptions of the vsrioUB inventions, &c. to bo full t 
distittet, and, when necoseary, accompanied by Specimens, Draviingt, 
or Modeh. 

The Society shall be at liberty to publish in their Transactions 
copies or abstracts of all Fapei's submitted to them. AH Models, 
Drawings, &c. for which Prizes shall be given, elmll bo held to be 
the property of the Society,— the Society being in the practice of 
taking the value of the Model into account in fixing the amount of 
the Prize. 

All CommunicationB must bo written on Foolscap paper, leaving 
margins at least one inch broad, on both the outirr and inner xides of 
the page, en as to allow of their being afterwards bound up with 
others ; and all Drawings tiiust he on Impenal Drawing Paper, uu- 
lesB a lai^er sheet be rei^uisite. 

All Communications to be lodged ua isoon after 1k( Noimnber 1842 
ae pogiible, in order to ensure theii- bemg read durijig the Session ; 
but tho^e which cannot he lodged go early, will be ■receii'ed till Itt-^ 
March 1843. 

Communications, Models, &o, to be addressed to James Tod, Em 
the SBCnETiRY, 21 Dublin Street, Edinburgh, Postage or Carriij 
paid. 

Copies of this List of Prizes, may bo had fi-om the Secretai-y, 

liDijiHURGn. nth April 1842. 



SCIENTIFIC INTELLIGENCE. 

UEOLOUr A»D MIXERALOOY. 

1. On Fan-Shaped Siratijicaiion. — A diatiiiguiBhed geoloyisl in a let-^ 
ter lately received aaya, — "It would, without doubt, be luakiug a great 
step in geolf^, if we could explain the schistose structure and the stra- 
tification of crystalline formations by means of the structure ausutiied 
by ice. I believe that we are still far from being even at the com- 
mencement as regards all those things which depend on molecular itc- 
tiouB. The explanation, fur examiile, given of the columnar structure 
of basalts, has always appeared to be but little satisfactory i and only 
leada to a mode of accounting for a division of a somewhat different 
descriiition. But the structure which has occupied me more than any 
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other for many years, and which seems to me to contain the key of 
the whole theory of the crystalline formations, is the fan.shaped struc- 
ture of the central masses of the Alps. It is first of all necessary to 
know if these strata are true beds of sediment, originally horizontal, or 
if the fan.shaped division is secondary and dependent on molecular 
actions ; and I have not yet been able to decide between these two 
modes of viewing the subject. We are in possession of very favour- 
able arguments for the second. I find one in the great regularity of 
strata extending for great distances without the least inflexion ; whereat 
the calcareous and schistose formations of the Alps generally exhibit 
contortions which announce the most violent movements throughout their 
whole mass. It is but little probable that these movements should liave 
acted only on the edges of the central masses ; and one would be almost 
led to admit, that at the centre the sedimentary structure has been entire- 
ly effaced. Another argument results from the direct observation, that 
near the contact of the limestone and the gneiss, the vertical structure 
of the gneiss is never visible ; that, on the contrary, the gneiss, or rather 
a mixed rock, follows the stratification of the limestone, and even al- 
ternates several times with the beds of limestone which contain organic 
debris ; and that it is only at some distance from the limit of the two 
rocks that the vertical structure presents itself This is evident, for 
example, in the Grindelwald, at the contact of the Mettenberg and the 
Schreckhorn, and in the valley of Urbach. But other facts which do 
not appear less decisive, are more favourable to the opinion which re- 
gards the fan-shaped strata as true elevated beds. There is first the 
alternation of various rocks, different varieties of granite, gneiss, amphi- 
bolite, &c. in the same fan ; and the fact that this structure is not li- 
mited to crystalline rocks, but extends at the two extremities of the 
central crystalline mass, very far hito the sedimentary formations which 
surround it j finally, that, at the two sides of the central mass which 
are parallel to its direction, the crystalline beds are in concordant stra- 
tification with the sedimentary beds, which themselves form part of 
the fan. I had hoped to work out this grand problem in my last 
year's tour, but I am now no farther advanced than I was a year 
ago." 

2. Z)r Houghton on the GeognoBtical position of the numerous masses 
of native Copper in North America, — It is a fact well known, that south 
from the northern peninsula of Michigan, transported masses of native 
copper are occasionally met with in the diluvial deposits which are so 
abundantly spread over the country ; and these loose masses are distributed 
over an area of many thousand miles, including Southern Michigan, Wis- 
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conMn, Ulinois, and Indiana. In Northern Michigan 
more frequently met with. 

The great transported mass of native copper on the Ontonagan ri 
BO frequently alluded to liy travelleta, and whieh he, Dr H. estimated 
to contain about four tons of native metal, was stated to have all tbi 
characters of the other loose maBses refeiTed to. 

Tlie source uf tlicau transported masses has hitherto been somewtaig 
obscure, although there ha^ been good reason to believe, that most 
them had their origin from the trap-rocks; hut whether from true vein*, 
or from the inasa of the rock itself, was not known. He said, that, after 
examining the cjuntry with care, he was enabled to state, tiiat, with- 
out doubt, a very considerable portion of them had their origin from 
what may be regarded as true veins. 

Those which were regarded as true veins, were uniformly noticed to 
originate in the trap-rock, but they were frequently traced across the 
superimposed sedimentary rocks, including the red sandstone. The 
direction of the veins across the upper rocks most frequently correspondi 
to the dip of those tQQk.i.^-ATnenean Journ. of Science, \q\. xli.No.-^U 
p. 184. M 

S. The Great Ciater of the Volcano in Hawaii.* — " It is an immengv] 
pit, one thousand feet deep, and six miles in circuit, with perpendieu- 
lar walls, except at one point, where it is reached by a deep descent, 
and the whole of this vast cauldron full of boiling, bubbling, and spout- 
ing lavB. The surface at one moment as black as ink, and the nest 
exhibitingrivers, and pools, and jets of a hideous blood-red fluid, that 
was sometimes thrown up to a height of fifty or sixty feet, and fell 
back with a Gulleu plashing that was indescribably awful. The aspect 
of the whole was kellhh — no other term can express it. By night it 
was grand beyond description. The frequent lightings up, the hissings, 
and deep muttering explosions reminded me of some great city in 
flames, where there were magazines of gunpowder or mines continually 
exploding. Vesuvius is tame in comparison with it. Just previous to my 
visit the lava had burst out at a new place, about six miles north-east of 
the crater, and flowed down to the sea in a stream 0^ forty milet in length 
by from one to seeen in breadth. 1 saw the light one hundred miles 
off. It reached the sea in five days ; thi'ew up three hills of from one 
hundred and twenty to two hundred and fifty feet high ; gained twg 
thouKandfeet out seaward from the old line of coast by three-fourths of a 
mile in width, and heated the water for fifteen miles on either side to 
such an extent that the fi=hes were heaped up in myriads on the shore, 

* la a letter to Professor Sillimoa, dated Honolulu, Oahu, Oct. 34, 1810. 
— Sjlljmaa'e Jouraal, toI. xli., p. '200. 
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sealded to death. Its fidling into the sea was accompanied with tre- 
Oisudous hissings, and detonations like constant discharges of heavy ar* 
tillery, distinctly heard at Hilo, twenty minutes distant — Yours, &c. 

D. H. Storeb. 

4. Jamesonite. — From Las-Parets, (Ann. des Mines 3«°»e ser. xviii.) 
— An interesting locality of this mineral has heen lately discovered be* 
tween Milhau and Seveiac-le-Chateau. The surrounding rock is a 
yellow^ granular, distinctly stratified limestone, abounding in mag- 
nesia, and traversed by many veins of heavy spar. The Jamesonite 
occurs in drusy cavities, either in a pure state or mixed with heavy spar. 
It afforded, on being analysed, the following ingredients : — viz. 
lead, 48.8 — copper, 6£ — antimony, 17.2 — sulphur and loss 27.4 = 
100.0. 

5. Cryaicdlized Gold. — On examining many crystals of gold, from the 
gold washings of Catharinenberg, Mr Avdeeff obtained the same results 
as those of G. Rose in his analysis of the rolled masses of gold of the 
Urals, viz., that the gold in veins and seifenwerken, whether massive 
or crystallized, is combined with silver in indeterminate proportions, 
and that both substances are isomeric. According to Avdeeff, the 
crystals of gold in riiombohedral dodecaliedrons contain much more 
gold than those which occur in tetrahedral and octahedral crystals. Is 
there a determinate limit to the amount of gold and silver according to 
which crystals take on this or that form ? — Leonhard and Bronnn 
Jakrbuch, 6 Heft, 1841. 

6. On the Composition of the Ashestus of Scharzenstein in the ZiUer 
Thai in the Tyro/.— Meitzendorff has lately given, in Poggendorff' • 
Annals, an analysis of this variety of asbestus, which is characterized 
by the length of its fibres and by its white colour. 100 parts contain— 

Oxygen. 
Silicic acid, .... 

Magnesia, .... 



Lime, .... 
Protoxide of iron, 
Protoxide of manganese, 



55.869 


29.023 


20.334 


7.870 


17.764 


4.9B9 


4.309 


0.981 


1.115 


0.250 



14.090 



99.391 
As the silicic acid contains almost exactly twice as much oxygen as 
the bases do, the following may be regarded as the foimula :— 

Mg3 ^ 
Ca» 

Mn»J 



VSi* 



I 



This uEbe t 
tree Troiii ul i 
BoDEdorf, ha 
indeed, do 
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p -ely tlie composilion of pure aiigite, 
! a th t fi-oin the Tarentaise, analysed by 
[>o tl niLIeiide{B.si + H" Si^), which, 

dft -y h f nm the first. It appears, there- 

lure, tliot ll a be t doe n t belong to a determinate minei-al, 

hut to a condition into which geveral miiierala can pass. — Pofiyenrlnrfft 
Atmalen. 

7. Geokronite. — This new niinei'al Bpecies occurs in the mine of Sala 
in Sweden. Colour lead-grey, maaeive, hut no cleavage; streak shining 
and metallic; opaque; hardness between calcspar and miea ; specific 
gravity =; 5.88, Analysis by Swanberg afforded the following ingi-e- 
dients, via. lead, Sfi.i.ia— copper, 4.544— iron. 0.417— zinc, 0.1 II 
— trace of ailrer and bismuth — antimony, 9.576 — arsenic, 4.6>)5 ^ 
sulphur, l6.2&i = 99-027. It thus appears to be a fifth combinatioii 
of aulphuret of antimony and sulphuret of lead ; the already described 
combinations being Jamesonite, Zinkenite, Plagionite, and Federerz. 
Paggendorff'g Annahn. 

8. Mcethiijofthe Geological Society b/ France a/ Ai'x.^ -We have ir, 
announce that the extraordinary meeting of the Geological Society of 
France will this year be held at Aix (Bmiches du Rhone), on the 4th 
ofSeptember, and that strangers, introduced by a member, may take 
part in the geological excursions and discussions. 

9- •SoiindhiffSaiidg ThelnteSirAlexanderBumes, in his interesting 

work on Cabool, lately published, gives the following account of this curi- 
ous phenomenon; — ^Ab we werenow in the vicinity of Reg-Ruwan, or the 
moving sand, we made an excursion to it. It is a phenomenon simi- 
lar to what is seen at Jubul-Nakoos, or the sounding mountain, near 
Too in the Red Sea. The Emperor Baber thus describes it : — " Be- 
tween the plains there is a small hill, in which there is a line of sandy 
ifTound, reaching from the top to the bottom. They call it Khwaju 
Reg-Ruwan ; they say that in the siiminer season the sound of drums 
and nugarets issues from the sand." The description of Baber, how- 
ever marvellous it appears, is pretty accurate. Reg-Ruwan is situated 
about forty miles north of Cabool, toivards Hindoo Koosh, and near the 
base of the mountains. Two ridges of hills, detachsd from the rest, rim 
in and meet each other. At the pointof junction, and where the slope 
of the hills is at an angle of about forty-five degrees, and the height 
nearly 400 feet, a sheet of sand, as pure as that on the sea-shore, is 
spread from the top to the bottom, to a breadth of about 100 yards. 
When this sand is set in motion by a body of people sliding down it, 
a sound is cmilted. On the firiit trial we distinctly heard two loud 
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hollow Bounds^ such as would Le produced by a large drum. On two 
subsequent trials we heard nothing, so that perhaps the sand requires 
to be settled and at rest for some space of time before the eifect can be 
produced. The inhabitants have a belief that the sounds are only 
heard on Friday ; nor then, unless by the special permission of the 
saint of Reg-Ruwan, who is interred close to the spot. The locality of 
the sand is remarkable, as there is no other in the neighbourhood. Reg- 
Ruwan faces the south, butthe wind of Purwan (bad i Purwan), which 
blows strongly from the north for the gi-eater part of the year, probably 
deposits it by an eddy. Such is the violence of this wind, that all the 
trees in the neighbourhood bend to the south ; and the fields, after a 
few years, require to be re-cleared of the pebbles and stones which the 
loss of soil lays bare. The mountains around are for the most part 
composed of granite, but at Reg-Ruwan we found sandstone, lime, 
slate, and quartz. Near the strip of sand there is a strong echo; 
and the same conformation of surface which occasions this is doubtless 
connected with the sound of the moving sand. In a late number of 
the Journal of the Asiatic Society of Calcutta, there is an extract of a 
letter from Lieutenant Wellsted, of the Indian navy, in which he de- 
scribes the sounding mountain in the Red Sea, which has also been 
mentioned by Gray and Seetzen. There would appear, however, 
to be some variation in the kind of sound produced in the two 
places ; but both are, I suppose, explained by the theory laid down by 
Mr James Prinsep regarding Jubl Nakoos, who says that the effect is 
there produced merely by *' a reduplication of impulse, setting air in vi- 
bration in a focus of echo." At all events, we have at Reg-Rewan ano- 
ther example of the phenomenon to excite the curiosity of those inte- 
rested in acoustics. Reg-Ruwan is seen from a great distance ; and 
the situation of the sand is so peculiar, that it might almost be ima- 
gined the hill had been cut into two, and that it had gushed forth from 
the opening as from a sand-bag ; the probability, however, is, that it 
has been brought together by the wind. 

1 0. Fossil Foraminif era intke Green Sand of New Jersey (America,) 
—Prof. J. W. Bailey has brought to light the interesting fact, that a 
large portion of the calcareous rock defined by Prof. H. D. Rogers as 
the third formation of the upper secondary, is made up, at the locali- 
ties where he examined it, of great quantities of microscopic shells be- 
longing to the foraminifera of D'Orbigny, which order includes those 
multilocular shells which compose a large part of the calcareous sands, 
&c. of Grignon and other localities in the tertiary deposits of Europe. 
Since the minute multilocular shells above alluded to were discovered. 
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Dr Toirey and Pwf. Bailey have together examined specimenB of lime- 
ttone from Claiborne, Alaliima, and have fonnd in them roraminiferB 
of forma apparently identical with those occurring in New Jersey. 
None of tUis order, except the genus nummulite, have heretofore been 
noticed in our green-sand formation. In this connection we may also 
announce the interesting discovery i«cenl)y made by Prof. Wm. B. 
Roger*, of a vast stratum oifotsil injvtoria in tlie terliarif itrnta ^p'ir- 
ginia. It occurs about twenty feet in thickness beneath Hichmond, and 
is found to be tilled with new and highly interesting forms of marine sili- 
ceous infusoria. It would be interesting to have the specim«)s of tfae 
green-sand fommtion of the fur west, collected by Mr Nicollet, examin- 
ed, to see if infusoria or foraminlfera may not be found in them. — 
SiUiman'i American Journal of Science and Artt, vol. xli. No. 1. p. 



\\, Notice of a Memuir on Ike Oi-ganic Timuei intUboHy straetun ^ 
Ccrailidce, iate/y rea<l be/ore C/ie Jioyal Society. By J. S. Bowerbenk, 
E«q-, F. G. S. — The author Bubniitted small portions of nearly seventy 
■pecies of bony corals to the action of diluted nitric acid, and thus ob- 
tained their animal tissue, freed from calcareous matter, and floating 
on the curface of the fluid in the form of a delicate flocculeut mass. By 
the aid of the microscope, this mass was found to he pervaded by a 
complex reticulated vascular tissue, presenting numerous ramificatioDi 
and anastomoses, with lateral branches terminating in closed extremi- 
ties. There were also found, interspersed among these, another set of 
tubes, of larger diameter than the former, and provided, in may places, 
\vith valves ; the branches from these larger vessels occasionally terminate 
in ovoid bodies, havingthe appearance of gennmules or incipient polypes. 
In other cases, masses of still larger size, of a more spherical shape, and 
of a brown colour, were observed attached to the membrane, and con- 
nected with each other by a beautiful net-work of moniliform fibres. 
Numerous siliceous spicula, pointed at both extremities and exceedingly 
minute, were discovered in the membranous structure of several corals ; 
and also spicula of larger size terminated at one extremity in a point, 
and at the other in a ^ipherical head ; a fonn hearing a striking resem- 
blance to that of a common brass pin. Besides these spicula, the au- 
itior noticed in these membranous tissues a vast number of minute 
Ifodice, n^hich he regards as identical with the nuclei of Mr Robert 
Brown, or the cytoblasts of Schleiden, 



L. 



12. Silk Worms, — The chief inanu&ctures of Milan are silk and iron : 
of the former there are several establishments^ and the culture of the 
mulberry is in consequence very extensive. Haumer quotes the follow- 
ing curious fact from Berger's book : — '' 24,000 eggs of the silk-worm 
weigh a quarter of an ounce ; the worm lives from forty-five to fifty- 
three days ; increases his weight in thirty days 9^00 fold, and during 
the last twenty-eight days of his life eats nothing. For 739 lbs. of 
mulberry leaves, 70 lbs. of cocoons are obtained; 100 lbs. of cocoons 
give 8 J lbs. of spun silk ; and one pound of cocoons will produce a 
single thread of 88,000 fathoms in length." — Barrow's Tour in Loin" 
hardy ^ p. 146. 

13. Snail Trade of Ulm. — Ulm has not much traffic, the principal 
exports, as I understood, being snails, which are bred and fattened, and 
of which many millions are annually sent into Germany and other Ca- 
tholic countries in Lent, where they are esteemed a great delicacy. — 
Barrow's Tour in Lomhardy, Tyrol^ Sfc*, p. Sb^. 



14. Notice of a Me^noir, lately read before the Royal Society^ on the ulti' 
mate Distribution of the Air-PassayeSf and of the Modes of Forma- 
tion of the Air- Cells of the Lungs, By William Addison, F. L. S., 
Surgeon, Great Malvern. 

After reciting the various opinions which have prevailed among ana- 
tomists regarding the manner in which the bronchial tubes terminate, 
whether, as some suppose, having free communication with one another, 
or, as others maintain, by distinct and separate cells having no sudi 
intercommunication, the author states that, having been engaged in in- 
vestigating, with the aid of the microscope, the seat and nature of pul- 
monary tubercles, he could never discover, in the course of his inquiry, 
any tubes ending in a cvd-de-sac ; but, on the contrary, always saw, 
in every section that he made, air-cells communicating with each other. 
He concludes from his experiments and observations, that the bronchial 
tubes, after dividing dichotomously into a multitude of minute branches, 
which pursue their course in the cellular interstices of the lobules, ter- 
minate, in their interior, in branched air-passages, and in air-cells which 
freely communicate with one another, and have a closed termination at 
the boundary' of the lobule. The apertures by which these air-cells 
open into one another are termed by the author lobular passages ; but 
he states that the air-cells have not an indiscriminate or general inter- 
eommunication throughout the interior of a lobule, and that no anasto-^ 
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iiioaet o«ur between llie Interlobular Tamlficaiioiis of tlie bronchiie 
tli«inBelv«« ; each branch pursuing its own independent course to it^ 
termination in a closed extremity. Severa! drawings of the microsco- 
pical Bppearancea of injected portions of the lungs accompany this paper- 
1 5. Logg a)i</ liecoeer^ o/MrSienmgont Lilrraiy. — We have pleasure 
in recording the handsome and liberal conduct of Mr Maclear, tiie As- 
Ironomer Itoyal, and the Rev, Dr Adamson, the Presbyterian clergy- 
mar at the Cape of Good Hope, in recovering for Mr Swainson the 
zoologist his valuable library, ivhich had been wTCcked in the Prince 
Rupert at the entrance of Table Bay, when on its way to New Zea- 
land. At the sale of the cargo at Cape Town, some cases of books in- 
jured by salt water uere purchased by Mr Macleur, and, on examina- 
tion, they were found to contain splendid works on natural history ap- 
parently the property of Mr Swainson. Subsequently, Mr Maclear and 
Ur Adamson succeeded, after considerable exertion, in obtaining from 
the auctioneers, &c. who had purchased them, the remainder of Mr 
Swainson'fi books, at a fraction of the value ; and, instead of retaining 
their excellent bargain, these gentlemen have written to the original 
proprietor, informing him of ihe circumstance, and offering to forward 
the books to him. 



l6. Speed of Travelling. — The opening of the Strasburg and Basle 
Railway, which is about ninety miles in length, wa? celebrated re- 
cently by a great dinner at Mulhausen. An inscription on one of the 
walls of the room ran thus : — " In the year 1500, the journey from 
Mulhausen to Strasliurg occupied eight daya ; in l600, six days; in 
1700, four days; in 1800, two days; in IStl, two hours." {The dis- 
tance isabout seventy English miles.) 

n. Glasgow.— Ittprooement in Pamnffo/SlreeU. — Weknow of no im- 
provements in theraanagemenlof police matters et^ual to those which have 
been effected by the Commissioners of Police in the paving of the streets. 
It is only a few years since that department was transferred from the 
old 6'. atute -labour trust to their management, and at the time of trans- 
fer, ihe streets, with few exceptions, were nearly in a ruinous condi- 
tion. The committee of statute-labour, and Mr Hume, their active su- 
perintendent, have, by their unwearied exeriiona, brought the system of 
the paving of the streets to the highest state of perfection. The n 
of their experience may afford useful information to public bodlW 
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others interested in the making or maintaining of streets. We Will, 
therefore, here give a short account of them : — 

\8t^ It is found that what is technically called ruble causewayixtg, 
although cheapest at first, is the most unprofitable description of mate- 
rial which can be laid where the thoroughfare is great. 

^d. The common description of dressed causewaying is equally in- 
effective. 

Sd, Macadamised streets in towns, where the thoroughfare is great, 
are exceedingly unprofitable, and much more expensive to keep up 
than any other description of street. 

Afth, Whinstone (Trap) is a chalk compared to the gmnite (Por- 
phyry) from Inverary Quarry. This was proved by the Trustees in 
Jamaica ^Street. Both descriptions of material were subjected for 
three years to an equal amount of tear and wear. On minute in- 
spection, the whin was found worn down from 2^ to 3 inches, while 
the granite was so little defaced, that the marks of the tools used in 
preparing it were still visible. 

5th, To make good paving, the material must consist of well-made 
square-dressed blocks, all of an equal depth, and must be free of holes 
and bumps on the tops and bottoms, and be carefiiUy laid on a bed of 
sharp river sand, the stratum on which it is laid being previously pre- 
pared to the exact curvature required, or surface of the street in its 
finished state. The stones, being nearly smooth on the top, allow the 
carts to roll along, instead of bumping on the stones, which causes 
immcfdiate destruction to the street. 

6th, The Inverary granite is considered to be the most economical 
description of material which can be adopted, as, from its extraordi- 
nary durability, a street, when laid with it on the improved system, is 
calculated to last at least for fifty years. 

The Commissioners of Police are about to have the High Street 
paved with this durable material. They and their superintendent of 
streets deserve the greatest credit for the great interest they bestow on 
the paving department. 

18. Eastern Method of Measuring Time, — The people of the East 
measure time by the length of their shadow. Hence, if you ask a 
man what o'clock it is, he immediately goes into the sun, stands erect> 
then looking where his shadow terminates, he measures his length with 
his feet, and tells you nearly the time. Thus the workmen earnestly 
desire the shadow which indicates the time for leaving their work. 
A person wishing to leave his toil says, '^ How long my shadow is in 

VOL. XXXIII. NO. LXV. JULY 1842. O 
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waaagV ■■ Why did you not come sooner f" " Because I wailed 
for my ghadow." In the 71I1 chapter of Job, we find it written. 
" Ai a MTvant earneslly dewreth his ihadow."— K«*«r(*' IlivOraliont. 



NEW PUBLICATIONS. ^M 

We have received the following works, which we recon**? 
mend particularly to the attention of our rcadei*s. It was our 
intention to have given an account of several of them, but 
we regret that fot the present wt? are prevented doing so by 
want of space : — 

Explicalion de la t'nrte Oiologiqne ile la Franre. Piir M.M. 
Dufrlnoff rt Elk de JUauitioni, 4to. Darwin on Coral Beefi. I'«hm- 
aetietu of Hk Ma-Kkat*r Oailogical Society, Vol. I- Etudet Q^ologi- 
JUM Jail* lt» Alpa. Par M. L. A. Neeker, Tome V . U^ier den 
Jtti-ahalk voii Eitivieitz in Mahren, van E. F. von, Glocker, 4(o. Re- 
ehereha Phyiiijuei) mir let Pierra d'lmalra, par G. F, Parrot. 4W. 
Oryelograpkit du GouveenttMM de Motcow, par M, O. Fiteher de 
Watdheim, folio. Monoffraphie da Plante* Fomles du Orh Bigarri- 
de la ctujiinr dm Voiyes, par M. IF. P. Schimptr, ilo. Partiu !•" (t 
S'"'. Nom&idator Zooloyieiu, auetore L. Agaadt. Fatdeulvi /., 
con^noM Mamavxlia, Echinodtmtata et AeaUpliat, ito. De la auectf 
MOtt et dn DevetoppKiMnt de» Etret Orgaaidt, par M. L. Agaemx. 
Monographic Anoplurorwm Britannia, Kith Kighit/ magni/cd Jignra 
^ eaek tpeeini. Bij Henry Denny. A Hiitory of Jufntorla, lining 
attd /tNutf, tvith plale*. By Aadrevr Pritckard. A Sietory of Bri- 
tiiA Bpongei and Lithophytit. By Oeorge Johnston, MM,, with 
platisK. Thf Zm/logy of tKe Vfn/age of H.M.S. Beagle. Edited by 
Charle-t Darudn. Efq. No. 2, 3, nnd i of Pari IV., containiag Fish, 
by the Rev. L. Jenynt. (The tico following umnbers will include the 
Reptiles and Amphibia. ; at^er the publication of which the present work 
will he completed.) Ilhittratioiii of the Zoology of Bovth Afrita. B^ 
Andrew Smith, M.D., Nog. 12,. 13, 14, and 15. Prvnciph* of Qentral 
and Comparative Fhyniology. By William B. Carpenter, M.D., 2d 
Edition. Oh the Remote Cnutr. of Epidemic Diteanet. By John Par- 
kin. Dcteripliiii Catalognt vf the. Preparations in the Muscani of the 
Rw/al College of Siirge/mt in Ireland, By John Hovttmi, M.D., Vol. 
IT. (Pathology). Anatomiech-Phy/iologisehe Vntcrmchvngen udxrdie 
Bothryoeephnl-Tt. Von Profettor D. F. Enrhricht, \to. Atiatomtftihe 
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U^/iUrmMhw^gef^ «M6er die Clione B&recdtB, v&n Profettor D* F, £»chr%ch$t 
4tto, Elements of Electro-Metallurgy. By Alfred Smee, Parts 1, 2, a/nd 
3^ Elements of Chemistry, By Robert Kane, M,D, Journey to Cabool, 
By the late Sir Alexander Bumes. A Series of Diagrams illustrative of 
the Principles of Mechanical and Natural Philosophy, and their prac- 
tical application. Part I, (Chapman and Hall). Dunbar's Cheek 
Lexicon (contaiiis Appendix explcmatory of scientific terms). Journal 
of the Asiatic Society of Bengal, Madras Journal of Literature and 
Science, The Quarterly Journal of Agriculture, and Transactions of 
the Highland and Agricultural Society of Scotland^ No, 57 — (contains 
Cunningham's Geognostical Account of Ban£shire,) 



List of Patents granted /or Scotland from 28th December 1841 

to 16th March 1842. 

.1. To John Juckes of Lewisham, in the county of Kent, gentleman^ 
** improvements in furnaces or fire-places." — 28th December 1841. 

. 2. To MoNTACfir MacDonogh of Saint Albans Place, Middlesex, gentle- 
man, being a communication from abroad, ** improvements in spindles, flyorii 
and bobbins, for spinning, roving, twisting, and reeling all sorts of fibrous 
or textile substances, and in the application or adaptation of either or all of 
them to machinery for the same purposes."— 4th January 1842. 

< 

3. To Thomas Josbph Ditchburn of Orchard Houses Blackwall, in the' 
county of Middlesex, shipbuilder, ** certain improvements in shipbuildingi 
some, or all of which, are applicable to steam-boats and boats and vessels of 
all descriptions." — 6th January 1842. 

4. To Moses Poolb of Lincoln's Inn, in the county of Middlesex, gen- 
tleman, being a communication from abroad, '' improvements in preparing., 
mailers to be consumed in obtaining light, and in the construction of burners 
for burning the same." — 7th January 1842. 

5. To WiixiAM Petrie of Croydon, in the county of Surrey, gentleman, 
* a mode of obtaining a moving power by means of voltaic electricity, appli- 
cable to engines, and other cases where a moving power is required.**— 
7th January 1842. 

6. To James Taylor junior, smith and engineer, Turner's Court, Olas- 
gow, " a self-acting maehine for driving piles and stakes, and for other slieh 
purposes, to be wrought by steam or other power."-— 10th January 1842. 

7. To John George Bodmer of Manchester, in the ccunty of Lancaster, 
engineer, ^< certain improvements in the constmction of screwing stocks, 
taps, and dies, and certain other tools or apparatus or maclattery for outdag 
and working in metals."— 19th Jaanary 1S4!(. 




8. To WiLLtAU Pbtuib of Crojidua, in the county of Sutivy, genileniBn. 
' improvemeiits in obtaiDing mechanical power." — 13th Januarj 1B4S. 

9. To Alpbonso Bekb Lb Mide De Nobkandt of Red Close Sqaan, 
in the city of Londoii, Doctor of tfedicine, " certain imprOTemenU in tlic 
manufacture of soup." — 13th Januarv 1B43. 

10. To HiJKGT MouoB WatsO-v of Bolton le Moors, in tlie connty of 
Lancafiter. consulting theraiEt, " certain improveinentB in dressing, stiffen- 
ing, and finisLing cotton, and nthci fibroua sulratancLS. and textile and other 
CabricB. pnrt or parta of which improve ments ai'e applicable to the mannfac- 
tore of paper, and also to some of the processes or operntious connected with 
printing calicoes imd other goods.'' — IStli January 184S. 

11. To John' LsEof NewcaBtle-upon-Tjne, manufacturing chemist, '' im- 
provements in llic mnnDfactnre of chlorine." — 19th January IS49. 

13. To John Tjiomas Carii uf tlii) town luid county of New castle -upon - 
Tyne, being a communicalion from abroad, " improvements on steam-en- 
gines."— 19th January 1843. 

13. To Robert Stielimo Ngwall of GateEhead, in the county of Dnr- 
ham, n ire-rope -manufacturer, " improrements in the ntnnafactare of flat 
bands, and in machinery for tlie manufacture of wire-ropes.'' — 20th Jann- 
ory 1M2. 

14. To CiiniSTOFaER Nickklh of York Road, Lambeth, in the county of 
Surrey, gentleman, " improvements in the manufacture of napped fabrics." 
— 27tli January 1813. 

13. To John Jonbb of the Smcthwick Iron-Woiks, near Birmingham, in 
the county of Stafford, engineer, " certain improvements in (team -engines, 
and in the modes or methods of obtaining power from the use of stesm. parts 
of which improvements are applicable to raising or forcing water, and for 
other purposes."— 4th February 1849. 

16. To Jaues THOBBUnN of Manchesti^r, in the county of Lancaster, 
machinist, " certain improvements in machinery for producing knitted 
fabrics."— 8th Februnry 1842. 

17. To Nathaniel Benjajtik of Camberwell, in the county of Surrey, 
gentleman, being a communication from abroad, " improvements in the ma- 
nufacture of 'rype."—lllh February JB42. 

IB. To Louis Lachbnal of Tichfield Street, Soho, mechanic, and Ak- 
loiNE ViEVBEB of Pall Uall, Watchmaker, both in tlie county of MiddlosEx, 
■' improvements In machinery for cutting cork." — 11th February 1B42. 

19. To John Oeorob Bodheh of MancljeBter, in the county of Lancaster, 
engineer, " certain improvements in machinery for propelling veisela on 
water, part of which impcovemcnts apply also to stenm-enginea to bo em- 
ployed on land."— 14tli February 1843. 

SO. To Georob BlANMaBTNQ of Dova, in the county of Kent, plnmbe 
and Hbhbt Habribon of Ashfoiid, in the same county, plumber, 
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imj^vemenis in the rnelms of raising water and other fluids;*'-*- 16th Febru- 
ary 1842. 

21. To WiLLt^M Baker of Qrosvenor Street, Grosvenor Square, in the* 
county of Middlesex, surgeon, *' certain improvements in the manufacture 
of boots and shoes." — 23d February 1842. 

22. To George Haden of TrowbridgOi in the county of Wilts, engineer, 
*' certain improvements in apparatus for warming and ventilating buildings." 
-^23d February 1842. 

23. To Joseph Henry Tuck of the Now North Road, Uoxton, in the 
county of Middlesex, engineer, ** improvements in apparatus or machinery 
for making or manufacturing candles.'' — 25th February 1842. 

24. To Hugh Lee Pattinson of Bensham Grove, Gateshead, in the 
county of Durham, manufacturing chemist, '' improvements in the manufac- 
ture of white lead, part of which improvements are applicable to the manu-- 
facture of magnesia and its salts," — 25th February 1842. 

25. To Matthew Allen of High Beech in the county of Essex, Doctor 
in Medicine, being a communication from abroad, '' an improvement in pro- 
ducing uneven surfaces on wood." — 2d March 1849. 

26. To Stopford Thomas Jones of Stafford Place, Pimlico, in the county 
of Middlesex, gentleman, '' certain improvements in machinery for propel- 
ling vessels by steam or other power." — 2d March 1842. 

27. To Joseph Drew the younger, of Saint Peter's Port in the island of 
Guernsey, confectioner, '' an improved method of rolling and cutting lozen* 
ges, and also of cutting gun wads and other similar substances by means of 
a certain machine designed by him, and constructed of divers metals and 
wood.'^— 7th March 1842. 

28. To Joseph Garnett of Haslingden, in Uie county of Lancaster, d^'cr, 
and John Mason of Bochdale in the same county, machine -maker, '' certain 
improvements in machinery or apparatus employed in the manufacture of 
yams and cloth, and are also in possession of certain improvements appli- 
cable to the same, communicated from abroad." — 8th March 1842. 

29. To George Jarman of Leeds, in the county of York, flax and cotton 
spinner ; Robert Cook of Hathersage, in the county of Derby, heckle and 
needle manufacturer; and Joshua Wordsworth of Leeds aforesaid, ma- 
chine-maker, *' certain improvements in machinery for spinning flax, hemp, 
and tow."— 9th March 1842. 

30. To James Ions of Newcastle-upon-Tyne, gentleman, << improvements 
in smelting copper ores."— 10th March 1842. 

31. To Julius Bordier of Austin Friars, in the city of London, mer- 
chant, being a communication from abroad, ** certain improvements in pre- 
paring skiu^ imd hides, and converting them into leather. "^1 1th March 
1W2. 
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S>. Te BicHABs Li<naKCB Stdrtetakt of No. 43. Chordi Smet, Botb- 
nol Oreen, in Ibe connt; of Middlesex, soap manufacturer, " certain 
proveinenls in the manufacture of soap." — 14th March 1849. 

its. To WiLLiAU HiCKLiNO BunNBTT of Ravenabaume Wood Kill*, 
Drptforil Creek, iu the county of Kent, gentleman, '' improveaienl« ii 
chiner; for cutting wood, and in opparatua connected therewith, part of 
lyiiicli may hv applied to other purposes." — 14th March 1S4S. 

34. To Geoboe 'n'lLDES of Coleman Street, in the cit; of Loudon, viM- 
chant, being a communication from abroad, " improvements in the a 
faotaro of white lead."— IGth March IS42. 



Lial of Pa/i-nU granted for Scotland from IQth March to 23d 
June 1842. 



!• To Moses Poole of Liucotn's Inn, in the county of Middlesex, geatle- 
itian, being a comraunicotiDU from abroad, " improTemenls in the mnnuft^r^ 
ture of pUitod fabrics,"— 20th March IB42. ^^ 

5. To James Hunt of Whitehall, in the county of Middlesex, | — "'HD^B 
" improvements in the manufacture of brick«." — 29th March 1643. 

3. To Jakes Hall of Ola^ow, upholsterer, " improvements ia btdi, 
matrasses, and apparatus applicable to bedsteads, couches, and chairs.''— 
30th March 1Q42. 

4. To JoQH Hahwood of Great Portland Street, in the connty of Middl«- 
gex. Esquire, '' au improved means of giving cxpimsion to the cbest." — fith 
April 1U42. 

_ 6. To Jaues Andbew of Manchester, in tlie county of Lancaster, manu- 
facturer, " certain improvements in the method or process of preparing or 
dressing yarns or warps for weaving,"— Cth April 1042, 

6. To BoHtiND MoRBwooD of Winchester Buildings, Oreat Winchester 
Street, in llie city of London, Esquire, being a communication from abroad, 
" an improved mode of preserviDg iron and other metals from oxydation or 
rust."— 7tli April 1842. 

. 7. ToHenbv BooTEofLivcrpoo!, Esquire, "improvementsinthemethod 
of propelling vessels through water." — 13th April 1842, 

8. To William Brockedon of Queen Sqnare, in the county of Middle- 
sex, gentleman, " improvements in mannfocturing fibrous materials for the 
cores of stoppers to be coated with India rubber, and used for stopping 
bottles and other vessels."— 13th April 1842. 

9. To CRisTOPBEa NicKELti of the York Boad, Lambelb, in Ibe canity 
of Surrey, gentleman, " improvements in the manufacture of plaited fabric*." 
—13th April 1342. 
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10. T» JAittt Sjoth of Deanston Works, in the pfttiih of KIUxmuHoc^ 
and county of Perth, cotton-spinner, and James Buchanan of the city of 
Gla^ow, merchant, <' certain improvements applicable to the preparing and 
fiipimung of cotton, wool, flax, hemp, and other fibrous substances." — 13th 
April 1842. 

IL To Mathias Nicolas La Boch£ Barre of St Martin's Lane, in the 
county of Middlesex, manufacturer of cotton, '' an improvement in the 
manufacture of a fabric applicable to sails and other purposes." — 19th April 
1842. 

12. To Reuben Partridge of Cowper Street, Finsbury, in the county 
of Middlesex, engineer, ^ certain improvements in machinery or apparatus 
for splitting and shaping wood into splints for the manufacture of matches 
and other similar forms." — 20th April 1842. 

13. To Richard Dover Chatterton of Derby, in the county of Derbfi 
gentleman, ^< certain improvements in propelling." — 22d April 1842. 

14. To Theophile Anton Wilhelm Count de Hompesch of Burich 
Castle, near Aix La Chapelle, in the kingdom of Pinissia, *' improvements 
in obtaining oils and other products from bituminous matters, and in pun- 
fying or rectifying oils obtained from such matters." — 22d April 1842. 

1& To John Yenablss of Burslem, in the county of Stafford, earthen- 
ware manufacturer, and John Tunnicliff of Burslem aforesaid, Mck- 
layer, '< a new and improved method of building and constructing ovens 
used by potters and china manufacturers in the firing of their wares.'' — 25th 
April 1842. 

16. To William Newton, of the office for patents, 66 Chancery Lane, in 
in the county of Middlesex, civil engineer, being a communication from 
abroad, " an improved machine or apparatus for weighing various kinde of 
articles or goods."--27th April 1842. 

17. To Joseph Aitkinson of Braham Hall, near Harrowgate, in the 
county of York, farmer, ^* improvements in thrashing and winnowing ma- 
chines."--4th May 1842. 

18. To John Carr of North Isolds, in the county of Northumberland, 
earthenware manufacturer, and Aaron Ryles of the same place, agettt, 

. «an improved mode of operating in certain processes for ornamenting 
glass."— 6th May 1842. 

19. To Hbnry Barron Eodwav of Birmingham, in the ccmtity of War- 
wick, wine merchant, " improvements in the manufacture of horse shoea.^^-^ 
12th May 1842. 

20» To Sir James Murray of Merrion Square, in the city of Dublin, 
Knight, and Doctor of Medicine, ** an improved method of combining vurioils 
materials in a manner not hitherto in use for the purpose of manure."— ^12th 
May 1842. 

21. To John George Boomer of Manchester, in the county of Lancas- 
ter, engineer, f' certain improvements in machinery, or apparatus for clean- 
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ing, canliiig, toving, and apiiuning mttou, and other Sbraus 8ubetancea.*9 
leth Msy 1843. 

23. To Peteb Kaoenbdsck of WeCtor oa RUur, In Westphaliii, in the 
kingdom of PrassiB, djer, now leaidiog in the parish of Whitby, in the 
county of York, in England, ■' an imprOTement in the dyoiog of wool, 
woollen clothe, cotton. Ki Iks, and otherfabrica and materials." — 17th May 1B13. 

23. To Joseph Clisild Daniell of Tiverton Miila, near Bath, " im- 
proTements in making and preparing food for rattle, " — SSth May 1B43. 

24. To RoBEBT LouAN of Blnckheatli, in the county of Kent, Esquire, 
1' improTemenLe Jn obtaining and prep.iring the fibres and other prodoctt uf 
the cocoa nul and ita liuak."— 3Bth May 18-13. 

26. To Thomas He-jhv Rdssell of Wedneabory, in the county of Stnf- 
iacA, iron tube manufacturer, and Cobkelius Whitehouie of the aaiu» 
place, "improvements in the miuiufacturo of welded iron tubing." — SSth 
May 1B43. 

20. To Tnouite Hioolbtoh of Loman Stieet, in the borough of South- 
wark, and county of Surrey, engineer, being a communication from abroad, 
1' an improved method of preparing vegetable gelatine, or size for paper, 
and also an improved mo<le of applying the same in the manufacture of 
paper,"— 6th June 1042. 

97. To John Railton of Blackburn, in the county palatine of Lancas' 
ter, machine-maker, " certain improvements in machinery, or apparatus foe 
weaving.'" — 6th Juno 1842. 



d borough of Neweostle-upon ■ 
of Gateshead, in the county of 



28. To Thomas Hbdlet of tlio town 
Tyne, gentleman, and CuranEBT Kodh, 
Durham, millwright, " an improved apparatus for purifying the smoke gases 
and other noxious vapours arising from curtiuii fires, stoves, and furnaces.'' 
—7th June 1842. 

29. To John Bcbkeu, the younger, of High Street Whitechapel, in the 
county of Middlesex, manufacturer, "improvements in the manufacture of 
leaves or slieets of horn, commonly called lantern leaves, and in the con- 

n of horn lanterns." — 8lh June 1842. 



30. To Otto Botton of Gracechurch Street, in the city of London ' 
Doctor of Medicine, being a communication from abroad. " certain improre- 
menta in raaehiuery, or apparatus for spinning cotton, woo], and other fibrous 
Bubalances.'' — 14th June 1842. 

SI. To JoHs BouLD of Ovenden, in the puriah of Halifax, in the county 
of York, cotton -spinner, " an improvement or improvements in condensing 
aleam-engineB."^2.'M June 1842. 

33, To John Cox of Gorgie Mills, Edinburgh, tsjiner and glue 
faclurer, "certain improved processes of tanning." — 3.1d June 1842. 
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The Glacial Theory audits recent Progress. By Louis Agas- 
siz, Doctor of Philosophy and Medicine, LL.D. of Edinburgh 
and Dublin, Knight of the Order of the Red Eagle of Prus- 
sia, Professor of Natural History in the Academy of Neu- 
ehatel, &c. (Communicated by the Author.)* 

There are few branches of natural science which have made 
such rapid progress as the subject of glaciers and the phenome- 
na connected with them. When, about six years ago, I invoked, 
for the first time, the aid of a vast sheet of ice, covering the 
whole northern hemisphere, in order to ^aq||a$n^t)n the one hand, 
the transport of the erratic blocks distributed over the southern 
flank of the Jura, as well as the surface of the north of Ger- 
many, of England, of Sweden, and of Finland ; and, on the 
other, the formation of rounded surfaces, which are often as 
smooth and as highly polished as the finest marble, and on 
which are traced fine parallel lines, resembling those produced 
by the burin of the engraver, I scarcely ventured to hope that 
any impartial minds would take the theory into consideration, 
so hostile was it to the ideas generally entertained up to that 
time. The researches on glaciers and their former extension, 
previously carried on by MM. Venetz and Charpentier, were 
scarcely known to natm'alists ; and those who were acquainted 

» 
• The publication of this valuable Memoir has been somewhat delayed 
in consequence of unforeseen circumstances. — ^Edit. 

VOL. XXXIII. NO. LXVI. — OCT. 1842, Ti 



218 Professor Agassiz on the Glacial Theory. 

with them, considered the views promulgated as inadmissible. 
The glacial theory, a fortiori, y^aa rejected as completely Uto- 
pian ; and, assuredly, there could have been no reason to com- 
plain of this, if it had been merely a speculation elaborated 
in the seclusion of a study, and apart from nature. In the 
midst of the varied productions which bear testimony to the 
activity of our epoch in all the domains of science, it is in some 
degree a matter of necessity for a scientific mau to engage in 
such researches only as rest on a real foundation. Now, the 
glacial theory, however dai-ing it might seem, was supported by 
numerous facts, which, though but little known, were not the 
less positive. There lay the germ of its future career ; and 
attention was speedily directed to these facts, as strange as they 
were of general occurrence. Observations were made, re 
searches were carried on, the data of the system were verified, 
and discussions ensued on all sides. In the midst of this con- 
test, the glacial theory has extended Itself; and though it has 
not obtained the suflFrages of all, and still involves many con- 
tradictions, yet the various facts belonging to it have become 
the subject of serious study, aud, at the present day, there is 
no naturalist who does not recognise their importance. In 
this consbts the advantage derived from it by science; an ad- 
vantage of immense consequence, inasmuch as it promises to 
us prospectively the solution of one of the most beautiful and 
extensive problems in the history of the earth. It is no longer 
a mere theory, which is the subject of discussion ; the object 
of research is the connection of a whole series of phenomena, 
apparently very difFercnt, but whose relations are evident to 
all observers : these are the erratic blocks, the mounds of loose 
materials, the ancient moraines, the polislicd and striated sur- 
faces, the surfaces moulonttees, the furrowings of rocks in a 
constant direction, and the whole group of remarkable facts 
which an illustrious geologist has designated by the charac- 
teristic name of the erratic phenomenon. 

Since the domain of observation has been fairly entered, the 
investigation has advanced with gigantic strides. The beauty 
of the subject, the vast field which it embraces, the exciting 
questions belonging to it, have awakened on all hands zeal, 
iaterest, curiosity, and ambition. There is now not an sca^ 
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^nomenon ^^^ 
and such I 
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demy, not a scientific society, in which the erratic phenomenon 
has not been discussed and supported by new facts ; and 
has been the activity displayed by the satans of every coun- 
try, that the most succinct abstract of tlie works and memoirs 
on the subject which have appeai-ed within the kst two years, 
would greatly exceed the limits of an article like the present. 
M, de Charpentier, in his Essai sur les Glaciers et le Terrain 
Erratique, has described in detail the traces of ancient glaciers 
in the great valley of the Hhonu and its lateral valleys, and 
also at a multitude of other points in Switzerland ; M. Studer 
has observed them on the southern side of tlie Alps ; and Mr 
Martins in the Grisons, The French geologists assembled at 
Grenoble in 1840 studied them in the Alps of Dauphiny, and 
made them the subject of their discussions at the meeting held 
at Lyons in 1841. The polished rocks, in particular, seem tc 
Le very distinct on Mount Cenis, where they have been de- 
tected by Mr Trevelyan and by Captain Le Blanc. MM. Re- 
noir, Hogard, and Le Blanc have continued to observe the 
erratic phenomenon in the Vosges ; MM. Max Braun and Du 
Rocher have noticed it in the Pyrenees; and I myself have done 
so in the Black Forest. The Swiss and French Jura has in this 
respectbeen made tbeobjeet of continued studybyMM. Gressly, 
Guyot, and Desor, who have proved tliat the erratic blocks of 
the Alps extend far beyond the limits assigned them by MM. 
de Buch and Charpentier ; and, lastly, I have discovered er- 
ratic blocks, accompanied by polished and scratched surfaces, 
in a host of localities in the Alps, where they had not pre- 
viously been known to exist. 

The great phenomena of the north, altliough attributed to 
other causes, do not the less belong to the same subject ; and, 
since the investigations of MM. Alexander Brongniart and Sef- 
strtim, they have been made the object of continued researches 
by MM. Bothlingk, Nordenskiiild, Eichwald, Durocher, Robert, 
Martins, Murcbison, De Verncuil, aud KaisDrhng. Finally, the 
American geologists, also, have I'cry recently noticed a vast 
net-work of polished rocks and erratic blocks in the United 
States. 
But it is more particularly in Great Britain that the moat 
lexpccted discoveries have been made. Who could have sup- 
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posed that in tliese islands, einially remote from the glaciers 
of the Alps and tlie ice of the noi'th, traces of the action of ice 
should have been found ! And, nevertheless, all the pheno- 
mena which Indicate the former existence of glaciers are there 
just as evident, and just as well preserved, as in the neigh- 
bourhood of the glaciers of the present day. England likewise, 
— thanks to the activity and the zeal of her eavans — already 
possesses ciuite a literature 011 the subject of glaciers; and it 
would be necessary for me to cite the names of most of the 
geologists of that country, were I to mention all the indivi- 
duals there who have occupied themselves with this question. 

The purely theoretical part of the erratic phenomenon has 
also attracted much attention ; and the discussions to whieli 
it has given rise in many places, and particularly in the Geo- 
logical Society of France, have contributed, on their part, to 
render the study still more interesting, by connecting it with 
the great problems of the cosmic system. 

Passing from the geological domain, attention ought natu- 
rally to be directed to the glaciers of the present day, which 
are, in fact, the touchstone of the whole system ; for, in order 
to be entitled to call in their intervention to explain tlie erra- 
tic phenomenon, it is necessary to know, even to the most mi- 
nute details, their actual condition, and their action on neigh- 
bom'ing bodies. Now, although the researches of naturalists 
since the time of Schenchzer and Saussure have made us ac- 
quainted with the general laivs which preside over their for- 
mation and their metamorphoses, there is, nevertheless, a 
multitude of details regarding their internal structure and 
their modifications, as connected with the different seasons, 
the import of which is still unknown to us ; and there is even 
a diversity of opinion among naturalists on some of the capital 
points. Since the publication of my Ktiifles fnir hit Glaciers, I 
have made many additional expeditions to the interior of glaciers 
with the view of answering certain objections made to my theo- 
ry by natural philosophers. I have also resided a second time 
on the Mer dc Glace of the Lauter-Aar and of the Finster-Aar, 
in order to study the structure of the ice at all heights and in 
all conditions of the atmosphere, and I hope to be able to con- 
tinue these same researches still longer. — thanks to the muni- 
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ficence of his Majesty tlie King of Pnissia, who has deigned 
to grant me his support in this undertaking. 

A study of equally great importance, with reference to our 
theory, is that of the history of glaciers. The chronicles and 
the registers of the communes situated in the high valleys of 
the Alps contain scarcely any thing else but the recital of that 
long struggle between man and the rivers of ice ; a history 
sad and melancholy when the enemy gains possession of the 
tract, but joyous and animated when he beats a retreat under 
the influence of a series of warm summers. The same influ- 
ences and the same reaetionsmust exist in the north of Europe, 
and the history of the formerly flourishing colonies of Green- 
land, when it becomes better known, will doubtless tell us of 
some of those extensive changes in the covering of ice at the 
North Pole. 

In the present article I shall confine myself to some details 
i-egarding the observations I have made since the publiciition 
of my work ; and, as these obsei-vatloiis are of a very varied 
nature, some belonging more peculiarly to the domain of geo- 
logy, and others to that of natural philosophy or of meteorolo- 
gy, I shall divide the subject into two sections, and intend, in 
the first, to treat of the erratic phenomenon properly so called, 
such as I have obson-cd it in Britain. In the second, 1 shall 
communicate some of the experiments which I made on gla- 
ciers last summer, during my sojourn upon them, and in the 
course of my expeditions ; and the whole will be terminated 
by a short naiTative of our residence on the glacier. 

K 1. Tile Erratic Phenomenon. 

^ I have already said that the most striking discoveries, in re- 
lation to the erratic phenomenon, had been made in Britain. 
The most important facts ^vhich I have observed may be ar- 
ranged in three categories : — 

1, The phenomena proper to the interior of valleys. 

2. The dispersion of erratic blocks in plains, at great dis- 
.^ances from their origin. 

I. Parallel terraces. 
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]. The pheHomena peculiar lovalleifs are almust identical at 
all places where they have been observed. VJVexi -^a tii.\i?i.-j 
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the airangement of erratic blocks of certain valleys in Scot- 
land, we feel inclined to imagine ourselves in a valley of the 
Swiss Alps. I shall never forget tlie impression I experienced 
at the sight of the terraced mounds of blocks which occur at 
the raoutli of the valley of Loch Treig, where it joins Glen 
Spean ; it seemed to me as if I were looking at the nuitie- 
roua moraines of the neighbourhood of Tines, in the valley of 
Chamounix. These mounds or ramparts abut against the walls 
of the valleys, frequently forming at the mouths of the val- 
leys a series of concentric belts, which occur precisely at 
those places where, supposing that the valley had at one 
period been occupied by a glacier, it ought to have termi- 
nated by the terminal moraines pushing against one another, 
Similar mounds are observed at the mouth of nearly all the 
valleys of mountainous countries. The most remarkable in the 
British islands are, in Scotland, those of the banks of Loch 
Awe and of Loch Ktive, especially in the vicinity of Bnnaw 
ferry ; in England, those of the environs of Penrith and Ken- 
dal ; and in Ireland, those which traverse the road that skirts 
the base of Cniicagh to the west of Florence Court. The 
latter are more distinct than any that I have seen in the 
United Kingdom. The nature of the blocks composing these 
moraines, proves that they have not come from a gi'cat dis- 
tance ; but that they have been detached from the upper part 
of the valley, and transported by some cause to its extremity. 
It is among these blocks, sometimes of very considerable size. 
that we find the most angular. Now, if we consider the ar- 
rangement of the valleys, which proceed in all directions from 
the most elevated chains, and all of which present the pheno- 
mena of erratic blocks, and of more or less continuous mo- 
raines, we cannot for a moment doubt, that the cause of this 
transport has extended its effects by radiating from the inte- 
rior of the elevated points of the district towards the plains. 
This is a fact of capital importance, for it proves that the phe- 
nomenon of transportation is to a certain extent a local phe- 
nomenon, inasmuch as it is connected with the neighbouring 
chains of mountains. Each great group of mountains in Britain 
has thus its system of erratic blocks limited to the extremi- 
ties of its valleys. It is thus that Ben Lomond on the ooe ■ , 
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hand, and Ben Nevis on the other, have their system of blocks 
independent of that of Ben Wy vis ; Schiliallien and the Gram- 
pians have equally theirs, as also the Pentland Hilis, the Che- 
viots between Scotland and Eof^land, and the raonntains 
of Cumberland and Westmoreland ; lastly, the mountains 
which rise above Belfast, those of the county of Wicklow, and 
Cuilcagb, also seem to me to form so many separate groups, 
as regards the dispersion of their erratic blocks. But these 
relations of the blocks to the chains of mountains are only 
one of the peculiarities of their arrangement ; it is indeed that 
very one which has been least insisted on, and with which the 
defenders of the theory of currents have the least occupied 
themselves ; and yet they ought above everything to have en- 
deavoured to explain it, because it includes facts the most con- 
trary to their theory. How is it really possible to attribute 
to an eruption of the ocean, or to the effects of a continual 
soulrvement, the dispersion of diiferent groups of erratic blocks 
arranged like a fan around each particular system of moun- 
tains 1 How, moreover, is it possible to conceive the exist- 
ence of so many deep lakes, by whose beds, however, all these 
currents must nevertheless have passed, in order to perch tlie 
erratic blocks on the flanks of the mountains, rather than ac- 
cumulate them in the bottom of the valleys? 

A circumstance which further adds to the importance of 
these scattered blocks and continuous mounds, is, that the 
valleys in which they are met with have generally their 
walls more or less worn, rounded, smoothed, polished, and 
scratched- Now, this particular appearance is evidently to be 
attributed to the same cause which transported the blocks ; 
for these two series of facts are everywhere intimately connect- 
ed together. 

It was in England and in Sweden that the first polished 
surfaces were observed, and these were everywhere attributed, 
until recently, to the action of great currents, without any re- 
gard being paid to tlie improbability of a current, or rather 
cun-enta, spouting like springs from the top of all the valleyp, 
and being sufficiently powerful to convey from their place of 
origin blocks sometimes of immense dimensions. It can easily 

ija&gined, that, at aperiod when almost all geological phenc- 
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mena were attributed to the action of water, no endeavour 
ivas made to search for nnotlier canse for the transport of er- 
ratic blocks. But if a comparison had been instituted between 
the polislied surfaces and tlie effects produced by cnrrenfai, very 
remarkable differences between them would have been dis- 
covered. As I have said elsewhere, rocks polished by glaciers 
of the present day present sm-faces gently rounded, smooth, and 
continuous over large spaces, sometimes even perfectly flat, and 
passing uniformly over the most resisting portions of rocks as 
over the softest, without forming sinuosities or edges. They 
arc, moreover, furi'Owed, in the direction of the movement of 
the glacier, by furrows more or less deep and rectilinear, and 
scratched by fine striae, perfectly rectilinear, and evidently 
parallel to one another and to the furrows ; and, when the 
latter offer deviations from the general direction of the valleys, 
it is in consequence of circumstances which it is easy to ap- 
preciate. Such are likewise the polished surfaces remai-ked 
at the bottom and on the flanks of the valleys which are en- 
compassed by en-atic blocks and moraines, even when they 
are no longer occupied by glaciers. But such are not the ap- 
pearances exhibited by rocks worn by water ; although smooth 
they are nei'cr polished, and their undulated and sinuous sur- 
faces present hollows or irregular excavations wherever the 
nature of the rock favoured erosions ; no portion of the sur- 
faces worn by currents of water has exhibited to me those 
long rectilineal' striie so chai'acteristic of the polishing of gla- 
ciers. These differences between the abrasion occasioned by 
glaciers and that caused by water, arc very well explained by 
the difference presented by a current of water, which, while 
it bounds along, follows all the sinuosities of its bed, and a rigid 
mass of ice which advances slowly on account of its consist- 
ence. The conformity which I have already pointed out be- 
tween the aspect of polished valleys whose flanks are charged 
with erratic blockstogether with continuous mounds, and whose 
mouths are closed by concentric barriers of blocks, and the 
aspect of the valleys at present occupied by glaciers flanked 
by their lateral and terminal, ancient and recent moraines, 
and whose bottoms are polished, striated, and furrowed in the 
direction of the movement of the glacier ; this conformity, 1,^ . 
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say, is the principal argument that has caused me to attri- 
bute to the existence of glaciers which no longer remain, the 
phenomena similar to those produced by the ghicicrs of the 
present day, and which we meet with in so many localities 
far distant from glaciers. The granitic and porjihyritic rocks 
of many valleys in Scotland exhibit polishings equally bril- 
liant with those at present observed on the slaty serpen- 
tines of the flunks of the ghvciers of Monte Rosa. The 
most remarkable of these polishings tJiat I have seen in 
Scotland are those of the banks of Loch Leven near Bal- 
lahulish, those of Glen Spean opposite I-och Treig, those 
of Bunaw Ferry, tiiose of SchihalHen, pointed out by Dr Buck- 
lar.d, and those of the neighbourhood of Edinburgh, where the 
late Sir James Hall was the first to observe them. In Eng- 
land, 1 have seen very fine instances between Shap and Ken- 
dal, and near Ambleside ; and in Ireland, near Donaghadeo 
and near Virginia. I shall not here enumerate the numerous 
localities where the polibhing of the rock has disappeared en- 
tirely or in part, but where the form of the surface still attests 
its former existence, but will limit myself to the notice of a 
very curious fact of this kind which occurs on the left bank 
of Loch Treig, We have there a small hill of gneiss, of a 
rounded form, whose surface is no longer flat, but is traversed 
by veins of quartz, having perfectly smooth and striated sur- 
faces. The contours of these veins are exactly conformable 
to those of the eminence ; they are cut according to the same 
forms, but they are raised two or three inches above the sur- 
rounding rock. Precisely the same phenomenon is to be seen 
near the Hospice of the Grimsel, where veins of quartz, hav- 
ing a polished surface, ti-averee rorkes moutonneea of gneiss, 
whose surface has been rendered rough by the action of tlie 
atmosfihere. The projection of two or three inches of the 
veins of quartz on the hill on the banks of Loch Treig, evi- 
dently indicates the amount by which the neighbouring sur 
face has been lowered by the decomposition of the gneisa, since 
the time when the quartz was polished, and the whole emi- 
nence rounded. 

Limestone rocks are equally polished in a multitude of lo- 
calities ; but the most remarkable instances are in Lancashire, 
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and in tlie vicinity of Florence Court in Irelttnd. I have al- 
ready said that the mounds of blocks, and the polished rocks, 
are every where found to be intimately connected together ; 
bat I do not mean to say that polished rocks are not met with 
where there are no mounds, and that mounds are not met 
with where there are no polished rocks ; for it may happen 
that the rocks on which the ancient glaciers moved were, in 
certain localities, very little calculated to retain the polish, 
and that they may have lost their original lustre, while tlie 
moraines composed of rocks of the elevated portions of the 
valleys still exist on their flanks. It is thus that we see very 
beautiful examples of mounds and ancient moraines in Glenary, 
above Inverary Castle, although there are no polished rocks 
in the immediate vicinity ; and it is thus that the magnificent 
moraines of Cuilcagh, near Florence Court, are not accom- 
panied by polished rocks, in consequence of the facility with 
which the solid rocks of that locality are decomposed. On 
the other hand, wa frequently see beautifully polished rocks 
without moraines ; and this is especially the case with the 
very abrupt walls of narrow valleys, where the blocks have 
fallen down at the period of the retreat of the ice, and have 
reached the bottom of the valleys without resting on their 
flanks. In such instances, instead of presenting the form of 
moraines, the blocks are scattered irregularly over the sur- 
face- Wo have an example of this on the northern walls of 
Loch Etive. 

Dr Buckland and Mr Lyell, receiving the interpretation 
that I have given of the facta quoted above, have also ob- 
served a multitude of localities which, joined to those that I 
have myself visited, form a very extensive net-work of traces 
of ancient glaciers, stretching over the largest portion of 
Scotland, a large part of Ireland, and the whole north of 
England. 

11. Sispersion of erratic blocks inphm. — The phenomenon 
of erratic blocks and polished rocks is not limited to the 
chief groups of mountains, but is seen extending over the 
whole surface of the country where it presents itself; with 
this difference, that in the lower regions it assumes pecidiac m. 
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iracterB, different from those which I have described as be- 
longing to mountains and their valleys. 

Just as the erratic phenomenon ia localized in the vicinity 
and in the interior of mountains, so does it exhibit uniform 
characters in the low country and in flat regions, covering 
vast tracts whose limits cannot with precision be referred to 
determinate centres. Blocks are seen extending from one 
mountain- chain to another, across considerable depressions of 
the surface ; the accumulations of blocks transported from one 
place to another are no longer arranged in linear continuous 
series a^ in the valleys, where they form mounds or ramparts, 
which are moraines properly so called, but they ate dispersed 
irregularly over the surface ; the nature of the rocks mixed 
together in these accumulations no longer indicates an origin so 
limited as that of those moraines even which are at the mouths 
of the valleys. The dispersion of these blocks in different 
countries has not hitherto been described with sufficient care, 
and more particularly the erratic angular blocks with a rough 
surface have not been sufficiently distinguished from those 
that are rounded, polished, and scratched. There are, how- 
ever, very important differences in this respect. In Switzer- 
land, for example, we nowhere meet with iarge blocks, whe- 
ther nngTilar or round, whose surface is rubbed, polished, and 
scratched with rectilinear stria;, at great distances from their 
origin. Whatever may have been the cause of the transport 
of ihe erratic blocks of the Alps and the Jura, it always hap- 
pens that the great mass of the large blocks have arrived 
there witli rough surfaces and well marked angles, and that 
the pebbles of smaller dimensions alono are worn, rounded, 
polished, and scratched with rectilinear strife. We may 
easily convince ourselves of this fact by walking along any 
part of the Jura chain. Another peculiarity worthy of atten- 
tion is, that with us the large angular blocks generally repose 
on the more or less considerable masses of rounded and po- 
lished pebbles, and that these latter often pass into a fine 
sand or a clayey paste, which covers directly the polished sur- 
of the solid rocks wherever the pluvial water, the nielt- 
|Dg snow, and the torrents resulting from it, have not caused 
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them to disappear. This arrangement is very well seen in 
the environs of A^euchdtel. 

The state of matters is bj no means the same in Britain, 
and more particularly in Scotland. There the erratic blocks 
of all dimensions are, in certain circumstances, rounded, per- 
fectly smooth and polished, and even scratched with rectilinear 
stritc, like the polished solid roclts— a feature only ohserved 
in the smaller pebbles in Switzerland. It is not to he under- 
stood that there are no large angular blocks in England and 
in Scotland; but there is this distinction to be made, that 
these blocks are generally not far distant from their natural 
position in silu, or that they are in small number compared 
with those which have evidently been acted on by a prolonged 
mechanical operation. But this is not all ; far from being 
found lying at the surface of the ground, the large bloclw are 
for the most part heaped up in a confused manner along with 
the smaller ones of all degrees of size, from the dimension of 
tile smallest pebbles to the colossal volume of the largest er- 
ratic blocks, in a deposit of clay unequally distributed over 
all the low portions of the country. This deposit of clay, 
which is of very unequal thickness, and exhibits no trace of 
stratification J is what is termed till in Scotland. There is no 
locality in which I have been able to study the till more com- 
pletely than at Glasgow, where the numerous works carried 
on in 1840 for the embellishment of the town had exposed it 
at many points ; but everywhere it presents the same charac- 
ters ; the rounded, polished, and scratched blocks of very va- 
rious dimensions, are every where indiscriminately mixed to- 
gether in a marly or clayey paste. It is evident that it was 
with this mass, and in this mass, that the rounded and polish- 
ed blocks have been transported during the whole journey 
(\ hioh they have performed together, while the angular blocks 
have certainly not been rubbed in this manner. Mr T. Ed- 
ington has, to the .idvantage of geologists, brought together, 
in hia park at Glasgow, a magnificent collection of these po- 
lished and scratched blocks from the neighbourhood of the 
town. 

Differences of this description in the facts observed at dif- 
ferent localities, are au additional difficulty for all those who i 
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endeavour to explain them by means of currents. How, in- 
deed, can it be now seriously pretended tbat a current can 
convey blocks in such a manner as to nib, round, and scratch 
one set of them, without their being beaped up according to 
their weight, and without their being covered by regular 
beds of finer materials, while the others remained angular, 
and retained their unequal and rough surfaces ? These dif- 
ferences are very favourable to the glacier theory, which ex- 
plains them in a manner that is quite natural. 

Let us return to the glaciers of the present day, and we 
shall find in some of the phenomena presented by tbem the 
greatest analogy to the arrangement of erratic blocks, as I 
have just described it. When a glacier moves, it wears and 
rubs the bed on which it reposes; scratches the smoothed 
walls; triturates the detached masses which are interposed 
between the ice and the rock, and reduces them to sand or to 
an argillaceous paste ; rounds the blocks, which are of an an- 
gular form, and wliich offer resistance to the pressure ; and 
polishes completely those which have broad sides. At the 
surface of the glacier, matters proceed in quite a ditferent 
manner. The fragments of rock which are detached from 
the neighbouring walls, and which full there, rest upon the 
ice, and are at most thrown out to its edges. They thus ad- 
vance with the glacier without being displaced, or at least with - 
out being rubbed against one another, excepting those which 
havebecome interposed between the rock and the ice, and they 
arrive at the extremity of the glacier with their angles entire, 
their edges sharp, and their surfaces irregular. Let us suppose, 
now, that, in consequence of certain circumstances, one of 
those immense glaciers charged with debris of rocks, such as 
the lower glacier of the Aar, or the glacier of Zermatt, should be 
melted, and it would result that all the angular blocks at the 
surface of the glacier would repose on the irregutai' mass of 
rounded debris which at present lies under the ice. Some of 
these blocks would likewise be carried to a great distance on 
rafts of ice, if the melting were sufficiently rapid to cause cur- 
rentscapable of floating targe masses of ice charged with blocks, 
If we suppose, on the contrary, that a glacier or a large sheet of 
I ice, like that which extends over the CuI de St Th^odule, were 
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not commanded by numerous mountain peaks, dien few or no 
angular blocks would fall on its surface, but the rounded 
blocks underneath would not the less be present. If we ima- 
gine that, iu such a case, particular circumstances should also 
occur to cause the melting of the ice, there would then be 
found at the bottom an irregular deposit of rounded blocks, 
imbedded in the more comminuted materials, along with a 
few angular blocks above — in short, to the very letter, a sort 
of till. In this case, again, the melting of the ice would give 
rise to currents ; and the more considerable these currents, 
the more they would contribute to operate farther on the ma- 
terials ah'eady acted on by the glaciers, whether by convey- 
ing to a distance the lighter portions, and depositing them in 
regular stratification, or by penetrating them more or less, 
and giving them a false appeai-ance of stratification. We ac- 
tually observe something of a similar kind, on a small scale, 
iu the oscillations that occur at the extremity of glaciers 
which sensibly advance and retreat ; as, for example, under 
the extremity of the lower glacier of the Aar in the Grimsel- 
grund ; and, among the localities where glaciers no longer 
exist, I may cite the lower extremity of Loch Treig, and the 
neighbourhood of Muckaim, between Loch Awe and Loch 
litive. 

In order to explain the whole of the facts relative to the 
erratic phenomenon, in the limits within which they have lii- 
therto been observed, it is sufiicient to admit that the polar 
ice formerly extended as far at the North Pole as it now ex- 
tends at the South, Thus, then, if the influence which has 
established the difference that exists at present between the 
extent of the ice at the two poles be a periodical influence, 
and if it describe one of those cycles of long revolution, which 
astronomers have been enabled to determine, we can not only 
conceive the possibility of a cold in our regions sufficiently 
intense to produce all the phenomena which I have described, 
but may even be able to determine its date and duration. I 
shall not reproduce here my general theory of the periodical 
refrigeration of our globe, for that would raise useless discus- 
sions in a field which the light of observation has not yet euf- 
ficier*'" 'Uuminated ; I shall only cite one fact, wliicli tends 
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to make us suppose that there really existed in tlie North a 
covering of ice, whose southern limits in Europe, at a certain 
epoch, reached about 50^" N. Lat. I a!lmle to that belt of 
blocks observed by Russian geologists (see the letter from M. 
de Meyendorf to M. Elie de Beaumont*), which extends 
across the centre of Russia, by N. Nowogoroil towards Pinsfe, 
as far as the confines of Silesia It seems to me much more 
natural to regai-d this limit as an isopagetic line (une ligne 
isopagifiqite\), than as the southern limit of a current coming 
from the North, and cliarged with blocks ; and this so much 
the more, because the phenomenon of the transport of the 
Scandinavian blocks extends not only into Russia and Ger- 
many, but reaches the eastern coasts of England. In attri- 
buting this effect to the action of a current, it would thus be 
also necessary to imagine a fan-shape J current ; whereas a so- 
lid limit, during a certain time, of a covering of ice as extensive 
as that of the South Pole, obviates all the difficulties presented 
by such a phenomenon, such as the continuity and the regula- 
rity of the outlines, the uniform furrows of the polished sur- 
faces of the North, the passage across the Baltic and the North 
Sea of the blocks which lie on the surface of Germany and 
of England, &c. In a second zone of blocks, more to the 
north than the first, and observed likewise in Russia, to the 
south of the White Sea, and of the lakes of Onega and Ladoga, 
we have a direct proof of the successive and slow retreat of 
this covering of ice, a second isopagetic line more remote than 
the first. If this covering of ice really existed, it must at 
last have retired beyond the northern limits of the British 
Islands, alter having enveloped them partially or entirely ; but 
so long as the northern ice had not retired to its present limit, 
the climate of Europe must have been colder than it now is, 
and, even when the primitive ice had abandoned the plains, 
groups of glaciers must have remained in all mountainous 

" Archiviut WisBenschaftliche Kundo Tonllusfiland; vouErman. Ber- 
lin, 1841. 

t im rxyirti, tbot is to Say. of eqiiiil ice ; in some sense tiie wlherme of 
the ouUiae of the northern covering of ice ; but as the limits of Cliia ancient 
ice do not coincide irith the iaothermol lines, I have heea obliged to pro- 
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countries. Hence it appears natural, that during tlie retreat 
of this covering of ice, there must hare been a period when 
the mountains of Scotland were the focus of numeroiis gla- 
ciers, which at first descended from their summits into the 
plains, but afterwards occupied only the interior valleys, be- 
fore disappearing completely. 

There would thus be two very distinct periods to be parti- 
cularized in the epoch of the existence of ice in the north of 
Europe, — that during which the general covering enveloped 
the region, and that when glaciers existed only in the high 
valleys. The dispersion of erratic blocks over great spaces, 
across considerable depressions of surface, the formation of 
the till, the furrowing and uniform slr'.atlon of the polished 
rocks of Sweden and of Finland, seem to me the chief phe- 
nomena which have been produced by the northern covering 
of the epoch of ice. The differences which exist as to the er- 
ratic phenomenon between the north and the centre of Em^pe, 
appear to me to be susceptible of easy explanation by the 
differences of latitude and of the configuration of the surface. 
In Britain, the ice, at the time of its greatest extension, 
seems to have covered completely great tracts of country, 
and consequently rendered the fall of blocks on its surface, 
if not impossible, at least extremely rare ; so that the great 
mass of the blocks was necessarily buried under the ice, and 
was therefore subjected to all the effects of a gradual and 
long- continued trituration, just as is observed beneath the gla- 
ciers of the present day. Mountains of considerable eleva- 
tion in Scotland — Schihallien, for example — have their sum- 
mits as polished as their flanks ; whereas in Switzerland there 
exists a limit, at about 9000 feet,* in the centre of the Alps, 
above which the summits are no longer polished, but where 
the rugged peaks present a very striking contrast to the 
lower surfaces, which are polished, or, at least, moutonnig.\ 



* All the measurementa given iu Lhis pnpernre in pi'nfo dt Hoi, orFrmdt 
feet; and the temperuturea ue oil indicated in centigrade dogrees, unless 
where other ineasuretnents or other dogreeB ore specially mcntianed. 

t Vidt the Comptes Bendas de I'Acndemic dra Sciences, 1S42 ; tome 14, 
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In the exterior chains of the Alps, the polishing does not 
reach to a greater height than 6000 or 7000 feet. Itcannotbe 
<louhted, that tliis limit, which is so well marked, indicates the 
level of the bed of ice at the epoch of its greatest thickness. The 
rugged peaks, which exceed that height, thus rose like islets 
in the midst of this sea of iee, and the blocks which were de- 
tached from them fell on the surface. Not being confined in 
narrow valleys, but the whole vast sea of ice being open to 
them, these blocks were not liable to be knocked against one 
another in thsir progress towards the lower districts, and it 
is thus that they could be transported as far as the Jura, with 
their surfaces rough and their angles prominent; whereas, the 
matters which wore beneath the ice, were triturated, polished, 
rounded, and scratched. Now, if in Switzerland, the limit of 
the great mass of ice extended as high as 9000 feet in the Alps, 
and if it oscillated between 4000 and 5000 feet in the Jura 
which no longer presents glaciers, what is more natural than 
to admit, taking into account the geographical portion of the 
localities, that, in Scotland, tlie great proportion, if not the 
whole, of the surface, was entirely under ice during the whole 
duration of the glacial epoch. Hence the majority of the de- 
tached blocks of the Scotch mountains must have been trans- 
ported under the ice, and consequently rubbed, rounded, 
polished, and scratched. I say the majority, for it is probable 
that some were detached when the ridges were free from ice. 
and when tbe valleys alone were occupied by glaciers ; and 
these latter have necessarily remained more or less angular, 
and have retained their rough surfaces, just like the blocks of 
the moraines of the glaciers of the present day. Foreign 
blocks, whose origin is not British, and which wpre doubtless 
transported on the surface of the great sheet of ice, or on rafts 
of ice at the period of its dissolution, ought to be angiilar, 
and, for the most part, are so in reality. In this way, tbe form 
oferraticblocksimplies, in some degree, at first sight, their mode 
of transport. I am able to add, as a confirmation of what I have 
said as to the form of the erratic blocks of Scotland, that the 
blocks of the Jurassic rocks, which we meet within tbe dilu- 
vium of the interior valleys of the Jura, are all rounded ; a 
VOL. XXXni. NO. LXVl. OCTOBER 1842, « 
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proof that they have been trausported under ice ; and in fact 
this ooght to be the case, because the polished rocks furnish 
us with the proof that the sheet of ice covered nearly all tlie 
summits of the Jura. 

The melting and the retreat of the ice seem to me to have 
caused, at different times, according to the climatological cir- 
cumstances, all those deluges, more or less extensive, of which 
records have heen sent down by tradition and history. It is 
doubtless to these inundations that we must also attribute the 
dislocation of a large portion of the moraines, especially of 
thi^e that, by their position, were not beyond the reach of the 
currents, which, by acting on the detritus at the bottom of the 
sheets of ice and of the glaciers, have given it, in many locali- 
ties, a stratified appearance ; so much so indeed, that we might 
be deceived as to the origin of these detrital matters, and attri- 
bute their rounded form to the effects of great currents, as has 
often been erroneously done. I do not believe that 1 deceive 
myself when I affirm, that whenever rounded blocks, lying ia 
accumulations of gravel, stratified or unstratified, are scratched 
by long rectilinear strife, their aspect is due to the action of 
the rubbing of glaciers against their beds; and that currents, 
in acting subsequently on these same matters and rolling them, 
couldnot but cause these characteristic marks to disappear by 
the friction. I therefore regai-d the rarity of scratched peb- 
bles and blocks, in a deposit of stratified gravel, as a proof 
of a longer transport by water, and tlieir total absence as a 
proof of an action due exclusively to currents ; whereas, the 
complete absence of stratification in the accumulations of 
gi'avel and blocks uniformly rounded and scratched, seems 
to me to be the exclusive effect of glaciers. Lastly, these cha- 
racters may be combined when such accumulations are the com- 
bined effect of the two causes, as may have been the case on 
maritime sliores, where the glaciers of neighbouring moun- 
tains terminated at the coast. It must likewise not be for- 
gotten, that sometimes small lakes are formed on the fianks of 
glaciers, in which the matters triturated by the glacier are de- 
posited in regular beds, without being carried very far. It is 
of consequence to keep all these facts in view, when we study 
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! formations which geologists have termed diluvium, and 
whose various phenomena have hitherto been erroneously 
attributed to one single cause, — currents. 

It appears to me probable, according to the facts which 
have been able to combine in considering this question, that 
the organized beings of our epoch were created successively, 
after the commencement of the retreat of the ice. Wherever 
the suri^e of the ground made its appearance between the 
glaciers, under the influence of a milder climate, — wherever, 
yielding to the temperature, the ice produced pools of waterj 
— the development of organized beings might take place ; and 
direct observation has already confirmed what the theory re- 
quired. Mr Smith of Jordanhill was the first to point out in 
the post-tertiary clays, which are superior to the till (that is to 
say, which have been deposited posteriorly to the accumula- 
tion of those masses of gravel and rolled blocks in the mud 
under the ancient glaciers), numerous fossils of species that 
no longer exist similarly associated on the neighbouring 
poasts ; he has even ascertaiifed the identity of some of those 
shells with species which have hitherto been observed only in 
the Ai-ctic seas. A fact so unexpected did not fail to excite my 
curiosity in a high degree, and 1 have ever since been un- 
remitting in my endeavours to compare these fossils with 
living species. Assisted by a collection of living species from 
Greenland, which I owe to my friend Professor Eschricht 
of Copenhagen, I have not only confirmed the first impres- 
sions of Mr Smith, but have further found among the fossils 
of these clays a much larger proportion of Arctic species than 
could have been expected. Extending this species of research 
to the most recent fossiliferous deposits of other parts of 
Europe, I have every where met with a certain proportion of 
species whose types no longer exist in a living state in the neigh- 
bouring seas, but at 12" or 15° of latitude more to the north. 
Thus, while the shells, which are now found in lat. 65° to 70'' on 
the coasts of Iceland and Greenland, where the mean tempera- 
ture is several degrees below zero (32" F), lived in lat. 55" to 60' 
on the coasts of Scotland and of England, where the mean tem- 
perature at present is -|- 8° (46°. 4 F.) ; the species of the coasts 
of England and of the British Channel which now live in lat. 50* 
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to 56°, lived in Sicily in lat. 35° to 40' ; or, in other words, when 
the climate of Greenland extended its frosts beyond Scotland, 
when the mean temperature of the British Islands, in place of 
being above + 8' (46' .4 F.) eenl., scarcely reached zero, the 
present climate of England, and of the north of Germany, 
prevailed in those pai'ts of Europe which are now the warmest, 
and where the mean temperature exceeds + 16° (00° .8 F). 

I shall afterwards publish tlie details of these observations, 
when they embrace a Ijasis sufficiently complete to form an inti- 
mately connected whole ; it is sufficient, for my purpose at 
present, to have indicated the principal results of these re- 
searches, which confirm the opinion of the former existence 
of a climate much more rigorous than that which now exists 
in Europe, by proofs independent of those derived from the 
traces of ancient glaciers. Now, a climate so different, coald 
not have existed without exercising a marked influence on 
organic life ; and it is thus that the Arctic faunas, in our tem- 
perate regions, confirm as fully the existence of ancient gla- 
ciers, as the presence of these same glaciers explains the 
existence of northern animals ; and, nevertheless, the facts 
which establish the presence of the one, have nothing in com- 
mon with the facts which prove the presence of the other. 

III. Parallel Terraces. — The third order of facts is that of pa- 
rallel terraces. This phenomenon is too well known to require 
description. lastly valued memoirs have delineated these ter- 
races in full detail ; and the publications of Macculloch, of Sir 
T. Dick Lauder, and of Mr Darwin, are so well known, that I 
shall confine myself to the task of establishing the connection 
which I conceive there is between these facts and the existence 
of glaciers in Scotland, without discussing the various theories 
that have been proposed for their explanation. When I visited 
tlie parallel roads of Glen Roy witli Dr Buckland, we were con- 
vinced that the glacial theory alone satisfies all the exigencies 
of the phenomenon ; and, as this locality is tho best known of all 
tliose where parallel terraces have been observed, I may limit 
myself to this example for tlie explanation of all the others. 
The flanks of Glen Roy and Glen Spean exhibit horizontal 
and continuous terraces one above the other, which preserve 
iplelely their parallelism tliroughout their whole extent, 
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notwithstanding tlio mimevous sinuosities of the valleys. The 
upper part of Glen Spean, as far as the part opposite Loch 
Treig, presents only one of these terraces, which surrounds 
Loch Laggan, and is prolonged round Loch Treig, This same 
terrace extends along the left side of the valley nearly down 
to the Bridge of Roy ; on the right side it penetrates into 
Glen Roy, of which it makes the rounds following all its sin- 
uosities, and, continuing always at the same level along tlie 
lower part of Glen Spean, it tenninates, on this side also, op> 
posite the Bridge of Roy. It is worthy of remark, that the 
level of the col, separating the valley of the Spean, which runs 
to the west, from that of the Spey which runs to the east, is 
only a few feet above that of this first ten'ace. As far as Loch 
Treig, the valley of the Spean is surrounded by one terrace 
only ; but lower down there are two others at different levels ; 
which follow, in the same manner, all the sinuosities of the 
lowerpai't of Glen Speanandof the whole of Glen Roy ; which, 
taken at equal elevations, correspond perfectly on both sides of 
the valley ; and both of which likewise terminate at the same 
pomt as the first, but at different levels, viz. near the Bridge of 
Roy. The fii-st. or the lea^t elevated of these three terraces, is 
972 English feet above the level of the sea ; and, as it is hori- 
zontal, its height above the bottom of the valley depends on the 
point of observation. The second is 212 feet above the first, and 
the third 82 feet above the second. It is to be remarked, that 
the two upper terraces make the round of Glen Roy, whereas, 
in Glen Spean they do not extend higher than the opening of 
the valley of Loch Treig. I noticed them on the left side of 
Glen Spean between Loch Treig and the Bridge of Roy, as 
well as on the flanks of Glen Roy ; and I mention this particu- 
larly, because they are not indicated at that point in the maps 
which represent their position (Plate IV. Fig. 1). It is evi- 
dent that these terraces indicate levels of water. The next 
enquiry is, if the barriers which restrained these lakes have 
disappeared, or if the valley has been elevated at different times 
above the level of the water ? The pei-fect horizontality of 
these terraces, at thi'ee different levels, appears to me irrecon- 
cilable with the idea of a repeated sonlevement of the sur- 
The ablation of a rocky baiTier seems impossible, with- 
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out the influence of a cause which would, at the same time, 
have occasioned the disttppeai-ance of terraces having so little 
consistence ; whereas, in a country which presents so many 
traces of ancient glaciers, the supposition of a great glacier, 
descending from Ben Nevis, and shutting up the valley of the 
Spean, by resting on Moeldhu, which is ojiposite, combined 
with the influence of a glacier issuing from Locli Treig, and 
which would bar the valley a second time at that height, 
would explain all the facts. The glacier of Loch Treig, of 
inferior size to that of Ben Nevis, would, first of all, be low- 
ered at two different times, after having for a certain period 
maintained the water contained between the two glaciers at 
the level of the two upper terraces. During these two lower- 
ings, the waters would run to the east, proceeding by the val- 
ley of the Spey, owing to the inconsiderable height of the eoi 
which separiites that valley from Glen Spean. Whenever the 
glacier of Loch Treig disappeared completely, the water would 
be able to extend to the end of Glen Spean, and likewise in- 
vade Loch Treig; which explains the continuity of the lower 
terrace, while the two upper ones terminate abruptly opposite 
Loch Treig. Afterwards, when the great glacier of Bon 
Neyis no longer reached Moeldhu, the waters would run to 
the west, and water would remain only in the hollows which 
are now occupied by Loch Treig and Loch Laggan. The 
sudden termination of the three terraces, on the two sides of 
Glen Spean near the Bridge of Roy, will likewise bo under- 
stood from this explanation. The supposition now made is 
confirmed by a fact which there is no other mode of account- 
ing for; viz. that the bottom of Gleii Spean in front of Loch 
Treig is not only polished with tliat polish characteristic of 
glaciers, but is moreover scratched transversely, that is to say, 
at right angles to the direction of the valley, by a cause which 
evidently proceeded from Loch Treig. I do not believe that 
a locality exists, where the facts indicate, in a more special 
manner, the cause which has produced them. The horizontal 
terrace of Glen Gloy b susceptible of a very natural explana- 
tion by a glacier issuing from the valley of Loch Arkeig, 
crossing Loch Lochy, and damming up Glen Gloy above Low 
Bridge. This supposition would also clear up the difference 
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i level between the terrace of Glen Gloy and those of Glen ' 
Roy, and would obviate the necessity of imagiEuig soulevefnena 
of the neighbouring valleys, which communicate in the same 
manner with the ocean, and do not nevertheless exhibit any 
trace of terraces. 

In fullowiug up these facts in all their variety, we are easily 
enabled to explain the numerous terraces which we meet with 
in Scotland, by supposing barriers of ice at the mouths of the 
valleys ; whether it was that the lateral valleys closed them 
by their glaciers, as at the Bridge of Hoy, or that the waterS 
of the sea, by heaping up ice on the coasts, offered a tempo- 
rary obstacle to the running off of the waters of the land, or 
intercepted large sheets of salt water. Tlie presence of an 
Arctic fauna, ia the deposits superior to the till, which might 
he formed in these creeks of the sea, would thus present no- 
thing but what is quite natural. 

In order the better to understand the explanation I have 
given of the phenomena of Glen Roy and of Glen Spean, I 
shall now endeavour to compare them with what would take 
place in the valley of Chamounix, if the Glacier dea Boaont, or 
that of Taconay, by extending a little farther than it now 
does, had barred the valley in such a manner as to inteiTupt the 
passage of the waters of Arve, and force thorn to flow off by the 
valley of Trient (Plate IV. Fig2j. A lake would thus be formed 
above Chamounix, of which the level would leave some traces 
on the flanks of the valley ; but, when the glacier was no longer 
so elevated as the height of the Col des Monieis, the wafer would 
flow to the west, as at present, forming terraces as often as it 
was maintained for a certain time at a fixed height. To ren- 
der this comparison still more striking, let us suppose the case 
where a second glacier, as, for example, the glacier dea Boia, 
also shut up the valley ; then, as in the instance of Glen Roy, 
there would be between the two glaciers a lake, whose waters 
would first of all descend to the east over the least elevated gla- 
cier, and would not acquire their natural direction to the west 
until the two glaciers disappeared, and the bottom of the valley 
was free. Ice, cast on the coasts of Holland at the present day, 
and interrupting the dispersion of the sand transported by the 
Rhine and by the Scheldt, would every where reproduce the 
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phenomenou of strRtified fossiliferous deposits and of parallel 
terraces, siich as wo find so frequently in Scotland. 
E It was in Scotland that I acquired precision in my ideas re- 
garding ancient glaciers. The existence in that country of so 
considerable a network of these traces, enabled me to appre- 
ciate better the geological mechanism of glaciers and the im- 
portance of many facts of de'tail observed in the neighbour- 
hood of those which now exist. There, also, I was ahle to ap- 
preciate the influence exercised on these phenomena by the 
vicinity of the sea, and to distinguish the effects due solely to 
the waters of the sea from those where the ocean and glaciers 
were in contact, and from those produced where the glaciers 
never reached the sea. "VVho would now deny that glaciers 
formerly possessed in many localities an infinitely greater ex- 
tension than at present ? Who would reject the idea that the 
cause of this cold has been general, and attribute to local causes 
effects so diffused over the surface of the globe ? And if these 
conclusions must be admitted, who does not perceive that phy- 
sical theories must undergo some modifications before they 
can he made to embrace the whole phenomenon which 1 have 
described I It is thus that the study of facts in detail always 
reacts on general ideas ; while, in their turn, theories, in order 
tobesupported,foreetheir partisans to the investigation of new 
facts. The activity of mind that is engendered by the contests 
to which researches of this kind always give rise, is probablj 
the greatest enjoyment afforded us in this world. 
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II. RBSEAHCHiis ON Existing Glacieks. 



The chief question in tlie glacial theory is undoubtedly that 
of the motion of glaciers ; it is the keystone of the arch of the 
edifice, for it includes at the same time the solntion of the 
phenomena of the present time, and of those which occurred 
before our epoch. It is well known that opinions have hither- 
to been divided as to the progression of glaciers, and that many 
geologists, refusing to admit the theory of dilatation, still de- 
fend the opinion of Griiner and of Saussure, which maintains 
that a glacier slides along its bed. 

In my Etudes sur lea Glaciers, I have entered fully into the 
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reasons wbich caused me to reject the theory of Saussure, 
and to deny the melting action of terrestrial heat on tlie bot- 
tom of a glacier. This negation leads to a consequence of 
great moment for the theory of the motion of glaciers, the 
immobility of glaciers in winter ; and it does so in the fol- 
lowing manner: — If, as I suppose, the motion of glaciers 
be really produced by infiltration and the daily congelation of 
the rain-water or of the water resulting from the melting of 
the superficial ice, glaciers ought to he stationary so long as 
there is no water at their surface, consequently during the 
whole winter, because they are destitute of water at that sea- 
son. If, on the contrary, it he the tcrresti'ial heat, which, by 
melting glaciers at their \ia^p., produces partially or entirely 
their sliding movement, this action ought to be perceptible 
at all periods of the year, independently of the seasons and of 
tbe oscillations of the temperature of the atmosphere ; and if 
this last be the case, glaciers ought to furnish water during 
the whole year, in winter as iu summer. Saussure himself 
followed this train of reasoning; and in order to arrive at a 
solution of the question, he went duruig winter to the valley 
of Chamounix, and witnessed the escape of pretty considerable 
streams from the arched terminations of glaciers, although 
they were less abundant than in summer. Thenceforward 
the point appeared to him to be settled. It was too cold 
for the sun to have the power of melting the ice ; else- 
where, the whole country was buried under a thick crust of 
snow. It was, therefore, there could no longer be any doubt, 
the teriestrial heat which melted the glaciers beneath. Ne- 
vertheless, one reflection could not but present itself: if we 
consider that glaciers generally occupy the bottom of deep 
valleys, we must admit that it is there where the springs 
which circulate in the interior of the mountains ought to have 
their exit. The presence of water does not then prove abso- 
lutely that it results from the melting of the glacier. On the 
other hand, if the action of terrestrial beat exercise its in- 
fluence in winter as in summer, it ought to do so on all gla- 
ciers, and not one of them should bo dry. Further, the wa- 
ter of glaciers has a peculiar cbai'acter, which distinguishes it 
Jxom spring-water ; it is always mixed with earthy matter, 
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which it carries off from the bed of mud or of gravel that is 
interposed between the glacier and the rock. If it be really 
glacier-water which escapes from glaciers in winter, that wa- 
ter ought to possess these qualities ; whereas, if it be spring- 
water, it ought to be clear and limpid, &om where it begins 
to run. 

It was of importance that I should myself examine on the 
spot the value of his reasoning ; and it was with this view 
that I visited, in company with M. Desor, the glaciers of the 
Bernese Oberland, at the beginning of the month of March 
last year (1841), a period when winter reigns supreme in 
the High Alps, We selected the glaciers of the Aar and 
of Rosenlaui as the field of our observations, and proceeded 
towards the Hospice of the Grimsel, by ascending the fine 
valley of Hassli, which was still entirely covered with snow. 
The Aar, above Meyringen, was reduced to a small stream, 
the water of which was much cleai"er than in summer, — a cir- 
cumstance which led us to suppose that it was chiefly, if not 
entirely, composed of spring-water, bridges of ice traversed 
the bed of the river at a multitude of places, and as they were 
very thick, wo were able to cross them in perfect safety, 
Above the height of 4000 feet, tliere only remained but a very 
small thread of water. The snow had frequently a thickness 
of 10 feet ; the great and beautiful cascade of the Handeck 
had disappeared ; and, on examining the beds of gneiss form- 
ing the precipice over which the water is precipitated in 
summer, we Ba>v with astonishment, that they had partially 
preserved their projecting angles, and were not at all worn, 
as we should have supposed they must have been, especially 
when we remember that the Aar transports an enormous quan- 
tity of gravel. I insist on this fact, because it proves that if 
the water which has struck with violence against these rocks 
for a long series of ages, has not aucceeded in rounding them, 
it is impossible to understand how we can attribute to the ac- 
tion of water the polish and the rounded form of the flanks of 
this same valley, at places where the inclination is much less 
considerable, and the valley much less contracted, and where 
the current must have acted with a proportionably much small- 
er degree of violence. It may perhaps be objected that these 
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projecting angles are the result of a recent fall of rock, as in 
the case of the Falls of Niagara, and that the water has not 
yet had time to round them ; but we must attend well to the 
fact, that we have not here to do with stratified rocks, like 
those of Niagara, but with a very compact gneiss, which is 
very obscurely stratified, and which, consequently, is not at 
all liable to breaking down. 

At the Grimsel the snow was still thicker than at the Han- 
deck ; the bed of the river was entirely filled, and the glacier, 
as well as its moraines, were concealed under the snow. We 
were not deterred, however, from visiting the Hulel deg Neu- 
chateloii, which is situated at a distance of more than two 
leagues above the extremity of the glacier, and at a height of 
7500 feet, I borrow from the yet unpublished narrative of 
our expedition by M. Desor, some passages which vvill give an 
idea of the aspect of those regions in winter, and of the obsta- 
cles against which we had to struggle, and will, at the same 
time, report the observations we were enabled to mate." 

" The distance from the Handeck to the Grimsel is only two 
leagues, but as the snow became always more abundant as we 
advanced, we could not hope for an easy road. The most dif- 
ficult places ivere the woods of young pine trees. The bed of 
enow which covered them was unequally distributed, and when 
we accidently stepped near one of the trees, we were immersed 
up to the waist ; an occurrence which, on each occasion, caused 
very fiitiguing shocks. At Raetheriachboden, the last en- 
largement of the valley, a small thread of water occupied the 
bed of the Aar ; but the water was so pure that, from the first, 
we supposed that it must come from some spring, and not from 
the glacier. It did not carry along with it any of those plates 
of mica whose -presence gives to the water of glaciers that 
sparkling appearance and that milky tint which characterize 
it. 
^^* The last league seemed to us the longest. The heat and 
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the difficulties of the road had so exhausted us, that we were 
obliged to repose several times in order to recover our breath. 
At length we heard the barking of the dogs of the Hospice. 
It was, as it were, a friendly voice calling us to be of good 
cheer. We felt our vigour reanimated by this encouraging 
sound, and in a few moments afterwards, we saw making their 
appearance, on the mountain which rises above the Grimsel, 
the keeper of the Hospice, accompanied by his 6ne New- 
foundland dog, Barry. 

"A small traffic of exchange is carried on between the 
Valais and the Hassli, which is not entirely discontinued dur- 
ing the winter, and of which the Grimsel is tlie warehouse at 
that season. The Hasslians bring their cheese, the Valaisans 
their ivine, their brandy, and various kinds of provisions, 
among others, rice, which comes from Italy by tho Simplon 
or the Gries. The two parties stop at the Hospice, sleep 
tliere, and are at home next day, carrying with them cheese, 
if they descend to the Valais, and wine and brandy, if they 
return to the valley of Hassli. It is for the purpose of facili- 
tating this communication that the keeper of the Hospice is 
bound to have a man and two dogs at the Grimsel during the 
whole winter, and likewise to place picquets on the whole 
mountain of the Grimsel between the Hospice and the Valais, 
to point out the path to travellers. 

" It is unnecessary to remark, that, to allow of this commerce 
being carried on in winter, the weather must not be too se- 
vere, for it would be madness to attempt such a journey in the 
midst of snow or wind. Thus the Grimsel, at such a time, is 
altogether solitary, and the keeper told us, that during the 
winter of 1839-40 he had passed thirty-five days without see- 
ing a human figure. ' This long isolation,' he added, ' seemed 
to me so painful, that, on perceiving the first traveller who 
passed the Grimsel, I threw myself on his neck, embraced him, 
and offered him a bottle of wine.' The dogs here are at least 
as important as the men for watching, on account of the ex- 
treme delicacy of their senses, and especially of that of smell. 
All the guides assert that in serene weather, and especially in 
winter, they detect the presence of a man at the distance of a 
l^fiiw^ndifauu assured us, that an hour before our arrirfd 
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he littd already remarked, from the inquietude of Barry, that 
some one was approaching the Hospice. 

" Those who have visited the Grimiiel in summer will doubt- 
less remembei', that, in order to enter the vestibule, it is ne- 
cessary to ascend a stair about seven feet high. Now. to give 
an idea of the quantity of snow which was accumulated round 
the house, it is sufficient for me to state, that, in place of ascend- 
ing to the vestibule, we descended there by a stair which Jaun 
had cut in the snow. The lake of the Grimsel was completely 
inviable, for an uniform bed of snow extended over it, and 
did not even allow its limits to be recognised. But the stream 
which issues from it, although more abundant than we should 
have expected, was only visible in the interior of the building, 
whose floor it traverses. It is well known that the spring 
which gives rise to this lake, like many other springs in the 
Alps, is a thermal one. We were not, therefore, astonished 
to find the water at some degrees above zero (32'' F.) We 
were subsequently assured by M. Zybaeh that the lake never 
freezes, whatever the degree of cold may he, and that even 
the enormous bed of snow does not rest on a crust of ice, but 
extends over the surface of the water ; and he added, that, 
on sinking a rod through the snow, the water spouted to the 
surface. We were entirely ignorant of this peculiarity, or 
we should not have failed to investigate it. Perhaps other 
naturalists may find an opportunity of doing so. 

" The first thing we did on our arrival was to place our 
thermometers. M. Agassiz sank a minimum thermometer 
in a hole pierced in the snow to a depth of five feet, while 
another thermometer was fixed at the surface. We were as- 
tonished to find that at seven o'clock in the evening the tempe- 
rature of the air was not lower than — 4° C. (-)- 24° 8 F.), al- 
though the sky was perfectly serene. We were very desirous 
to ascertain the humidity of the atmosphere, but, to our great 
vexation, our hygrometer had been broken during our journey, 

" Wo went to bed at an early hour, immediately after sup- 
per ; having decided to start for the Alschwititg the following 
morning at four o'clock. Our guides made us still liope that 
perhaps the cold of the night might be sufficiently great to 
e the snow to bear us, which would considerably facilitate 
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our walk. At three o'clock we were up, ami while Jacob pre- 
pared the coffee, we examined our thermometers, and saw, to 
owp great diaappointment, that the cold was far from being so 
intense as we imagined ; for, as during the previous summer, 
we had on serene nights, seen the thermometer descend to 
- b" and 6° ( + 23" and 21°.2 F.), we expected to find it now at 
— 12° or 15° ( + 10°.4 or 5" F,), or even lower. In place of 
that, the temperature of the air was— 2° ( + 28,4 F.), and the 
therm ometrograph which was sunk in the snow indicated— 3° 
( + 26^6 F.). To wliat cause are we to attribute this singular 
»tate of the temperature ? We asked Jaun if it happened 
often that the nights were so mild, and he replied, that, for a 
long time past, it had not been so cold as formerly. Notwith- 
standing this temperature, the snow bore us while we de- 
scended the declivity which leads from the Hospice to the 
bed of the Aar. We now looked fonvard to the prospect 
of proceeding with light steps over the hardened crust, and 
of scaling the edge of the glacier with equal facility ; but 
we bad scarcely advanced a few paces in the valley, when 
we arrived at a place where the emst gave way under our 
feet Under this superficial cnist the snow was very tine, 
dry, and powdery, and we sank sometimes with the one 
foot, sometimes with the other, generally up to the knee. 
We attempted to regain the flank of the valley, but this 
was still worse. It was necessary for ns, nolens volens, 
to be satisfied with advancing very slowly. We had to 
endure a double punishment ; in the first place, on account 
of our impatience, which could not be reconciled to such a 
mode of progression : and in the second place, owing to our 
knees, which suffered from the constant repetition of the shock 
against tlie superficial crust, each time we went down. In 
the mean time, day made its appearance, after baring been an- 
nounced by a sensible diminution of the temperature ; and the 
sight of the summits becoming gilded one after the other, still 
further augmented the provoking annoyance caused by out de- 
testable path. There is nothing more painful for a man who 
is conscious of possessing a certain degree of energy, than to 
feel himself yielding to the pressm-e of physical obstacles. I 
was conscious of my strength becoming exhansted at eTfil 
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step I made, and I was impatient at seeing Agassiz taking 
the lead. On no other occasion had I ever felt the slightest 
jealousy, because I sliould have had the conviction, that, by 
means of a little effort, 1 could have made up to him ; but 
now, on the contrary, I was obliged to confess my weakness, 
and was therefore deeply mortified. 

" We could have concluded from the aspect of the gla- 
cier, as seen from a distance, that no stream escaped from 
it, or at least that it was nut visible externally, owing to the 
thickness of the snow. We encountered the last traces of 
water near the hut of the shepherd, in front of the gorge of 
the Oberaar, at a place where the snow was moist. Its 
temperature was at zero, and it proceeded, according to all 
appearance, from those springs which flow in summer on the 
polished flanks of the valley, and give rise to small marshes 
which here occupy the left tiank. The cascade of the Triib- 
tensee and the torrent of the Oberaar had disappeared, and 
their bed was only indicated by immense stalactites of ice, 
suspended on the rock. But what interested us most, was 
the outline and tlie form of the glacier itself. If the glacier 
had continued to move and to increase during the winter, it 
ought to have left traces of that movement ; and as the 
snow accumulated at its extremity had fallen some months 
before, it would have been gathered together in a forward di- 
rection, or at least some swelling would have been perceptible, 
immediately in front of the terminal edge. In place of that, 
the snow presented a regular talus, such as is formed by the 
snow where it has been driven by the wind against the flanks 
of valleys. 

" It was seven o'clock when we reached the edge of the gla- 
cier, and we had thus taken two hours to accomplish what 
in summer never occupied more than 40 minutes. I was 
dreadfully fatigued, and I had had so many and such repeated 
falls, that my knees were quite galled. I declared to Agassiz 
that I shoidd proceed no further. If the plain had seemed so 
diflicult, what would it not be when we sliould arrive upon 
the glacier 1 But notwithstanding my remonstrances, Agassi;! 
was determined to persist ; and he represented to me, that 

e crust couM not fail to be softened when the sun haU acted 
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for some hours on its surface, and that our journey would 
then be much less laborious. These and other reasons in- 
duced me to attempt the ascent of the terminal edge of the 
glacier, which we found much less difficult than we had 
figured toom'selves. The snow had rendered the slope much 
more gentle than it is in summer ; for not only was there no 
trace of the moraine to be discovered, but even the inequalities 
and the very considerable notches of the extremity of the gla- 
cier had completely disappeared. We saw no vestige of tlie 
stream. Having arrived on the surface of the glacier, we 
found here and there blocks whose tops emerged from beneath 
the snow ; but their lower sides were alone visible, for the 
surfaces directed to the upper part of the glacier were invari- 
ably concealed by a covering of snow — a proof, that, in winter 
as in summer, the prevailing winds are from the west, parallel 
to the axis of the glacier. Having found the surface of the 
glacier more practicable than the plain, we decided on con- 
tinuing our march, with the intention of retracing our steps 
afterwards. Our guides did not give »is much encourage- 
ment, for they knew no better than we did the state of the 
glacier in winter. Our march was still very slow and ardu- 
ous, as may be well supposed ; but we did meet with por- 
tions where the snow was bearing. We then experienced 
extraordinary relief, and, in spite of fatigue, we ran like chil- 
dren upon the hardened surface, until the snow anew gave 
way under our feet, and again calmed our ardour. At about 
a third of the distance between the extremity of tlie glacier 
and the Hotel des Neuebatelois, we met with an enormous 
block supported on several pedestals, and covering a pretty 
considerable hollow, at the bottom of whieh we perceived pure 
ice. It was of importance for us to ascertain the state of 
the ice of the glacier. Having descended with due precau- 
tion into the hollow, we saw that the block covered the 
widened extremity of a crevasse, which penetrated to the right 
into the interior of the glacier, and whose walls exhibited that 
same magical reflection which is observed during summer ; the 
azure appearing to us even more brilliant than usual, doubtless 
because this was the oidy point where we were able to see it. 
We were thus assured that the crevasses are not filled w 
w, but only covered by an arch more or less thick. 
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guides a.?siired us, that the water disappeared from those cre- 
vaaaes whicli contained it during summer, either by its flowing 
away or becoming frozen. Let it not be objected, that this is 
quite natural, and that it is useless to mention it. It fre- 
quently happens that, in summer, the mean temperature of 
several consecutive days is some degrees below zero (32" F.), 
without the water of the erevaaaeg being frozen ; there is only 
a pellicle of ice formed, which covers it during the night, and 
disappears during the day, A circumstance which inclines 
me to helieve that the water they contain during the summer 
freezes rather than runs ofl", is, that, on the glaciers, we have 
on several occasions met with circumscribed portions of ice in 
the form of an ellipse, which had completely the appearance 
of congealed baigHoireg. The ice was full of air-bubbles, hut 
its surface was perfectly smooth ; it was extremely hard, and 
more brittle than usual. Tlie bubbles were pretty uniformly 
distributed, and were nearly of an equal size, affecting in ge- 
neral an elongated and pyrifonn sliape ; but we did not re- 
mark any of those vertical larainEe of varietl colour, to the 
study of which M. Agassiz means afterwards to devote parti- 
culai' attention. Subsequently we did not find any example 
of ice so full of bubbles, except on the last summit of the 
Juugfrau, It would be extremely difficult, in the present state 
of our knowledge, to point out the cause of these difForences. 
Up to the present time we have only obtained very imperfect 
data regarding the modifications to which ordinary ice is sub- 
jected under the influence of atmospheric agents ; and, as to 
the modifications which glaciers undergo in the interior of 
their mass, at different periods of the year, these are as yet 
entirely unknown. 

" We were scarcely able to recognise our glacier of the 
Aar, so varied and animated in summer, under the uniform 
bed of snow. The great medial moraine itself was more or 
less effaced, and only formed a longitudinal ridge, whose 
ilanks were much less inclined than in summer. We first of 
all reached the northern Hank, and when we had passed over 
aboiit a third of the glacier, we crossed to the southern flank, 
at the point where the moraine is considerably swollen. We 
there saw, to our gieat satisfaction, that our route improved 
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more and more. The snoiv was much more compact, bo 
that even when its external crust yielded, we did not siok 
very far. There was no longer any doubt of our arriving at 
the Ahscliwung, But another inconvenience came iu the 
place of the difficulty of walking, and that was the intensity of 
the light. In proportion as the sun attained a greater eleva- 
tion, its rays were reflected with such power by the millions 
of crystals of this vast snowy region, that the blue glasses 
with which we were provided became insuflicient; and in 
order to remedy this, and to preserve the skin of our faces, 
we were obliged to envelope our heads in a double veil, under 
wliich we breathed a.s if we had been in the middle of sum- 
mer. It was not without soTne astonishment that we here 
met with a small butterfly, which fluttered around us. It 
■.efoied to be perfectly at its ease, and was, according to 
M. Agasaiz, the species numed yanessa urticeB (La petite 
TorttteJ. 

" It was eleven o'clock when we arrived at the height of our 
(lid dwelling, and we were very much astonished at not being 
ubie to discover the Hotel des Neuehatelois. Was it possible 
t.o conceive that the immense block, which was seen from so 
great a distance in summer, and whose summit had so often 
reanimated the courage of our visitors, bad been entirely in- 
terred in the snow I At last, after having sought for it on 
all sides of the moraiue, we descried at some dUtance a swell- 
ing in the snowy ridge, and this proved to be our hotel. It 
was entirely covered by snow. On one side only we saw one 
of its walls uncovered for a space of some feet ; but, in order 
to penetrate into the interior, it would have been necessary 
to clear away an enormous bed of snow, which would have 
occupied a great deal of time, and we therefore preferred re- 
posing on the snow. Agassiz was in very high spirits, re- 
joiced to And himself, in such magnificent weather, in the 
midst of that sea of ice which he had made the scene of his 
observations. In truth, the spectacle which we had before 
us was of an unique character. It appeared to us, that we 
had never seen the air so transparent. The outlines of the 
inountiuns were delineated on the blue back-ground of the sky 
with a precision never witnessed in summer. All the peaks 
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which bound the glacier were clothed with snow from their 
base to their summit ; and the Finsteraarhorn alone was black 
as in summer, for its walls are too precipitous on the side next 
the glacier, to allow of the snow adhering tu them. As to the 
glacier itself, it really did not exist for us at that time ; for 
»ve had nothing else before us hut an immense extent of very 
uniform snow, which wanted the magic charm given by mo- 
raines, as well as the crevices with their brilliant tints, the icy 
cascades, and the thousand rills of water with their harmonious 
inm-mur, all of wJiich constitute the delightsof thesceneinsum- 
mer. The two rods which we had introduced the preceding 
autumn into the holes that had been bored, and of which men- 
tion will afterwards be made, were elevated only a few feet 
above the surface of the glacier ; but they had preserved their 
respective positions, and were both nearly vertical ;^a proof 
thatthesuperficialbedsof the glacier bad not since that period 
advanced in an unequal manner. We then ascended to the 
Abschwung, and saw that the snow had completely filled up the 
space between the rock and the nhi. We estimated the thiclt- 
ness of the bed of snow at that place at 30 feet. At noon, ■ 
returned to the Hotel des Xeuchatelois ; and as I felt myself 
indisposed, I decided on returning with a guide. Agassiz 
mained for the puq>ose of making some observations on tem- 
perature. His object was to ascertain if the temperature of 
the snow was the same as at the Grimsel. With this vi 
he introduced into the snow, at a depth of 8 feet, the same 
tliermometrograph, taking care to close the hole. After two 
hours, the instrument indicated— 4°. 5 (-1- 25o.7 F.), tlie air 
being at ■(- 1° (+ 33°.8 F.). 

" The descent seemed to me as easy as the ascent had ap- 
peared difficult. We sank about half a foot ; but the snow 
was fii'm, less powdery than in the morning, and slightly 
moist, which considerably facilitated our walking. It i 
not so much the thickness of the snow, as the inequality of 
the surface, that produces fatigue in these walks, and it does 
so by causing unexpected jerks, which are always annoying. 
1 did not fail, whenever I met with an eminence which cast 
a shadow, to measure the temperature of the air, and I was 
much surprised to find, that the thermometer almost invaria- 
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bly remained about zero (32^ F.) On one occasion only, I saw 
itascenJto + 1°( + 33\8F.) M. Agassiziuade tliesameob- 
scrvations, and obtained the same results. I ouglit to add, that 
these observations were madeataheight of only one foot above 
the surface. It was impossible for us, from want of shade, to 
place tlie thermometers in a liigher position, so that we could 
not determine, in an exact manner, the influence of the radia- 
tion of the snow. In the sun, the heat was excessive ; and 
therefore we not only made no use of our cloaks, but, in order 
to be more at our ease, took off our coats and waistcoats. 
The necessity of keeping on our double veils was, in these 
circumstances, a real punishment. I attempted several times 
to remove them for a few moments, in spite of the advice of 
the guides, and afterwards I could not too much repent hav- 
ing done so, if it was to that cause that I had to attribute the 
miseries of the succeeding night. 

" Agassiz rejoined ns at the Hospice of the Grimsel about 
four o'clock. I had, in the meantime, prepared abowl of punch, 
by means of the essence which we always took care to have 
in our possession ; and I need hardly say, that this drink, in- 
vented expressly for icy regions, appeared to us a real luxury. 
When we were all seated round the table, in the small low 
apartment, which serves as a shoemaker's workshop, we ex- 
perienced a lively satisfaction in recalling the most trifling 
events of the day ; and, proud of our success, we formed a 
thousand projects for the future. It was then, among other 
plans, that we conceived, for the first time, the idea of at- 
tempting the ascent of the Jungfrau. Jacob had prepared the 
supper, which, like that of the preceding evening, consisted 
of rice soup, salt mutton, and chamois steaks. Tliis last dish 
was not, I must allow, very juicy ; but as it was of chamois, 
we were obliged to regard it as delicious. 

" We soon went to bed, in order that we might be able to start 
at avery eai'ly hour in the morning ; but we had scarcely re- 
jiosed an hour or two, when I experienced the most violent 
pain in the face. My head seemed on fire, and I felt my cheeks 
swelling and my fiiee cracking. In vain I sprinkled myself 
with cold water — I suffered the agony of a martyr. Agassiz 
' few minntes afterwards with a deep sigh. 1 am in 
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great pain, he said ; my lips feel as if they were torn in pieces ; 
what can be done to ussnage this suiFering ! For a moment 
we thought of going out and immersine; ourselves in the snow, 
but reflecting that such a remedy might produce serious con- 
sequences, we resolved to endure our misery till the morning. 
It was a terrible night for us. Towards the morning the pain 
gave us a little respite ; we reposed a few hours, and when we 
rose, we could not restrain our tits of laughter, on loolting at 
each other. Are you aware that you have the appearance of 
a cretin ? said Agassiz. Have the goodness to ask for a look- 
ing glass for yourself, I replied. Our faces were coloured 
purple, and horribly disfigured ; I could scarcely open my 
eyes, so great was the swelling of my eyelids ; and Agassiz 
had his lower lip excessively swollen and pendant. Never- 
theless, we decided on starting the same day. Our thermo- 
meters gave lis the same results as on the preceding day ; that 
is to say, the thermometrograph, at a depth of five feet in the 
snow, indicated — 3° ( + 26.6 F.), and the thermometer in the air 
stood at + 2° 5(-l- 36.5 F.), at eight o'clock in the morning." 
It is apparent irom this description, that the water which 
existed in the neighbourhood of the Grimsel was spring-water ; 
and what proves that the glacier of the Aar had not moved for a 
long time, is the fact that the snow was not gathered together 
at its extremity. We also observed the same continuity of the 
snow at the extremity of the glacier of Rosenlaui, and our 
guides assured us that the 8no\v is never seen collected to- 
gether by the ice in winter, as is the case with the gravel and 
tiie turf in summer, when glaciers are advancing. Every 
thing, therefore, concuiTed to convince me, that glaciers do 
not move in winter. The glacier of Rosenlaui, furnishes me 
with another proof of tlie same thing, and in the followi 
manner : This glacier terminates at the edge of an abyss into 
which the torrent, escaping from its extremity, is precipitated 
in summer. Such a circumstance could not but be very fa- 
vourable tor my researches. 1 found, as I had foreseen, the 
terminal edge of the glacier exposed; not a drop of water 
escaped from it, for, if there had been only a few drops, theat 
must have found tlieir way to the edge of the uncovered hol- 
low. I am well aware that it may be urged, that perha^js this 
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wKt^r loMrK itself in tlie inteiior of the rock, bv flowing into a 
crevice or a cavern liefurt: teaching the eitremity, and that, 
consequently, the absence of water at the terminal edge does 
not prove its toial abiience, anv more than in the case of other 
glaciers. But supposing that it were so, the glacier ought at 
leoBt to be moist at its bottom ; for, assuredly, II' tlic melting 
cati&ed by tlic earth took place in winter in spite of the exter- 
nal temperutiirC] it is not a glacier descending so low as tliat 
of Ko^nlaui, and consequently surrounded by a warmer at- 
mosphere than many others, which ought to be the exception 
to the geufral rule. Now, I convinced myself that the whole 
bottom of the glacier was frozen to its bed, and consequently 
that all nmvement was impossible. I believe myself therefore 
entitled to afiirm as a thing demonstrated, l/ial glaciers are 
tlationari/ in winter, that the water which escapes from them 
is spring- water, and that it is not at all the result of the melt- 
ing caused by terrestrial heat. For, as has been already 
remarked, if that melting really took place, it ought to occur 
in all glaciers, und not a single one ought to be dry. 

I took advantage of this winter excursion to make another 
experiment relative to the formation of polished surfaces, — an 
experiment which, 1 believe, will not be devoid of interest for 
future researches. It is known that I attribute polished and 
striated surfaces to the action of ancient glaciers which for- 
merly covered the localities ; and I do so, because they are com- 
pletely identical with those met with under existing glaciers, 
and along their flanks. At first a pretence was made of not 
assigning any importance to these polished surfaces, which were 
attributed to viirious causes ; and M. de Charpeotier himself, 
in his last work, seems to have allowed himself to be intimi- 
dated by the criticisms of opponents, for he says, " If there 
were no other facts to adduce in favour of the diluvian gla- 
ciers, but these niai'ks of attrition and these furrows, the ob- 
servati<m of M. Mousson (who attributes them to currents), 
might be well founded,"* But since that time facts have 
spoken for themselves ; and they liave been more eloquent 
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than the most beautiful theory could be. There is now no one 
who ventures to dispute the impoi'tance of a phenomenon so 
j^enerally distributed ; but some geolu|^ists, refusing to adopt tlie 
glacial theory, have pretended that the polished surfaces, on 
wliich glaciers of the present day repose, are not the result of 
the action of glaeiers, but have been produced by a cause an- 
terior to their existence. This opinion has nothing probable 
in it, because, in the Alps, the phenomenon is too intimately 
connected with glaciei-s to be regarded as independent of 
them ; but it would be of importance to have an experimental 
proof of this. As all the glaciers of the Bernese Oberland 
are at present in a state of increase, I conceived the idea of 
making an accurately determined mark at a place which I 
supposed would soon be invaded by the ice. For this purpose, 
I caused a corner of the glacier to be removed ; and it was by 
this means that I assured myself that the intermediate bed of 
mud and of gravel v/as so frozen as to be incorporated with 
the rock. We succeeded, however, in uncovering the surface 
of the rock ; and we then cut out in the polished rock, at a 
place whose position was accurately ascertained by means of 
fixed points, a triangle, having a base of about a foot, from 
which we removed the rock to the depth of half an inch, hav- 
ing rendered the surface as rough as possible. If, as 1 have 
no doubt, it be really the glacier which poiiahes the rock, this 
triangle ought to be repobshed and striated within a cer- 
tain number of years. We have no idea of the time re- 
quired by a glacier to polish its bed, but it is probable that the 
duration of that time vai-ies according to the weight of tlie 
masses, and according to the nature of the rock ; and, as tlie 
bed of the glacier of Hosenlaui consists of a black limestone 
sufhciently susceptible of being acted on, we may hope to ob- 
tain a result more speedily than if the rock had been gneiss or 
granite. 

I had hoped that the glacier would soon have inviuled anew 
the place we had nneovered in the month of March ; but I 
was a little disappointed when 1 visited our glacier with 
Messrs Forbes and Heath in the month of August following, 
to see my triangle still expo-ted. The glacier had advanced, 
it is true, but on its left side, while the right ilank had rt« i 
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mained stationary. We cut out a second but smaller triangle 
nnder the ice itself, at a distance of 17 feet 5 inches from the 
first, and I hope to find both covered by the ice next siini- 
nier. 

Another objection which has been made to my tlieory is the 
following. If, as you say, the temperature of the glacier is con- 
stantly at 0" (33" F.) and under it, how can it be conceived that 
thewatcrshouldromain liquid and penetmte into the interior of 
the mass! Will it not freeze by the simple contact of tlie 
ice ! The action of the dilatation ought, therefore, to be con- 
fined to the surface, and ought not to produce any effect on 
the inferior beds of the glacier. This reasoning is undoubt- 
edly just, but those who have made use of it as an objection 
here maintain a physical necessity which does not exist in na- 
ture, when they suppose that the infiltrated water, which ac- 
quires the temperature of the glacier hy being introduced into 
it, must necessarily freeze when its temperature descends be- 
low zero. Because all ice has a temperature at least as low 
as 0°, it does not follow also, that water cannot exist below 0', 
It will suffice to meution here, the experiments of Professor 
August," which have demonstrated that water can he pre- 
served in a liquid state, (/' vacuo, at — 12^ ( + 5^ F,), and 
even at — 13°5 R ( -¥ 3^87 F.). According to that author, 
no shock, however violent, can produce co&gelatiun under 
these circumstances at a temperature of — 2°.5 R (+ 28° .6F.) 
Now, may it not be the same with the water which penetrfttoB 
into the interior of the glacier ? But science ought not to 
rest satisfied either with possibilities or probabilities, ivhen wo 
have to do with a phenomenon accessible to our researches ; 
and the question can only be determined in a definitive man- 
ner by direct experiment. 1 had, in other respects, so much 
the more interest in obtaining information on this subject, he- 
cause, last summer, huvinj:; reached no deeper than 25 feet in 
my boring attempts, the results which I obtained might, to a 
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1 eiftent, have been attributed to the influence of the 
temperature of the external air. 1 therefore went a second 
time, in the month of August last, to the same glauier of the 
Aar on which T had lived during the preceding summer. On , 
this occasion I remained more than a month including some 
more or less distant excursions (from the 8th August to tlie 
10th Septeniher), having been accompanied by several friends 
who were naturalists, some of whom had been with me during 
the previous years. Messrs I'orbes* of Edinburgh, and Heath 
of Cambridge, likewise spent nearly three weeks with me at 
the Hotel des Neuchatelois. Afterwards, my friend M. Escher 
de la Linth, took an active part in our labours. I passed 27 
days altogether on the glacier, during which time 1 succeeded 
in sinking the piercer to a depth of 140 feet. As it is the 
first time that an attempt has been made to penetrate to a 
great depth into the interior of a glacier, it may not perhaps 
be uninteresting for my readers to be informed of the mode 
of procedure followed, and the results obtained. 

The attempts which 1 made the previous year, had shewn 
me that a glacier could not be so easily pierced as one 
would at first suppose. I looked forward with pleasure to be- 
iiig able this year to observe the plienomena presented by the 
glacier at its contact with the rock. 1 communicated my new 
projects to M. Koehll, engineer at Biennc, and we were con- 
vinced that we should employ iron piercers like those used in 
the construction of artesian wells. M. Koehli was good 
euiAigh to entrust me with his own piercer, which is 150 feet 
long. It was, he said, the greatest depth which I could reach 
by piercing with the hand ; while a larger piercer would have 
required considerable scaffolding, and an outlay of money 
which would greatly have exceeded my pecuniary resources. 
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As, huwever, the thickness of (^laciei-s is generally estimated 
at from 80 to 100 feet, I hoped to reach the huttom of that 
of the Aiir with this boring apparatus. In order not to be 
sto]]ped by unforeseen difficulties, I took with itie M. Koehll's 
foreman, who was entrusted with the direction of the bor- 
ing operations. The piercer was composed of ten bars, an 
inch in diameter and fifteen feet long; the cutting portion gf 
the various ^e Mr ^/« was three inches, tlu^ee inches and a half, 
five inches, and six inches in diameter. All the bars, as well 
as the other instruments connected with the piercer, such 
as the keys, euillerx, ropes, &c., were carried by men from 
Meyringen to tlie Hospice, anil thence to our hut on 
the glacier, that is to say, to a distance of ten leagues from 
Berne. 1 established myself, along with my companions, un- 
der the same block which had sheltered us the preceding year, 
and whidi is now known to the scientific world by the name 
of the H6lel tfen NeiicliAlelois. It is a large block of mica-slate, 
forming a part of the moraine which descends from the flanks 
of the Schreckhorn. at a league higher up. Its length is 41 
feet, its breadth 30 feet, and its lieight 19 feet. One of its 
angles projects in the form of a roof on the south-west side. 
It was this place which we again chose on this occasion as a 
shelter. I had sent some days previously two of my guides 
to the glacier to prepare onr abode. They found the walls 
which had been constructed the previous year completely dis- 
located by the movement of the glacier. The space, however, 
which they contained, would not have been sufficiently Urge 
for ouv encampment of this year. The hut was therefore re- 
built, and arranged in such a manner as to shelter eight per^ 
sons. The kitchen was prepared in front of the entrance to 
the hut, and the store-room at the side, under another block. 
The guides constructed for themselves a second hut on the 
left side of the glacier, at the distance of half a league. It 
was not, like our o^vn one, built on the ice, and, in this respect, 
it was more solid and less precarious ; but ours had the advan- 
tage of being situated in the middle of the glacier, at the most 
favourable point for our observations. 

As soon as we were fairly settled in our hut, I commenced the 
T operations. In the previoiiis lear I had tried two kinds 

t . _ 
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of instruments, a piercer with two teeth, and one with a.jleuref 
having four teeth ; but I soon perceived that the latter instru- 
ment had the disadvantage of grinding the ice too violently, 
which often rendered it extremely difficult to draw it out. 
This year I had only brought simple chisels of different diame- 
ters, and another instrument having the form of an inverteil 
funnel, with circular and angular edges, which our miners call 
a conronne, and of which they make use ui piercing very soft 
substances. At first, and to a depth of 40 feet, this instru- 
ment worked very well, but aftenvards it became necessary to 
give it up ; for, although its edges were very blunt, yet the 
weight of the rods becoming always greater, caused it to be 
too fii'mly tixed in the ice, and rendered its withdratval a 
matter of uifinite dithculty. We therefore exchanged it for 
simple chisels. 

I had remarked that the piercer acted better when the hole 
was filled with water than when it was dry ; and, accurdingly, 
I took care to place the bore in communication with one of 
the numerous rills of water which flowed over the glacier. 
This had, moreover, the advantage of enabling the borers to 
dispense with the necessity of emptying the hole every minute; 
for all the splinters of ice which the piercer detached at the 
bottom of the bole, came up of themselves to the surface, 
merely oiving to their smaller s[iecitic gravity, and they were 
caiTJed away by the current. But this proceeding had like- 
wise its inconvenience ; for, as 1 wished to make daily obser- 
vations on the temperature of the interior of the glacier, I was 
obliged to cause the bore to be emptied every evening, which 
was a pretty long operation. 

In this manner, a depth of 70 feet was reached. The 
piercer then begun to become too heavy, and the chief borer 
proposed to me to construct a tripied above the bole, and to 
fix to it a pulley, on which a rope was to be passed, to which 
the piercer shoidd be attaeheil. He hoped by this means to 
bore more rapidly, and with less trouble The operations 
were on this account suspended for several days, during which 
my people went to the valley of Ha-jsli, to procure young fir- 
trees for the scaffolding. When the Iripifd was prepared, 
ipy transported it to the glacier. It was now intended ti 
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proceed with renewed ardour ; but what was our surprise, 
wlien we were about to introduce the piercer into the hole, 
to find that it would no longer enter. We then remarked 
that the hole had become contracted by lialf an inch, and we 
had uo other course left but to recommence anew. We re- 
quired three days to reach the depth of 70 feet, at which w( 
had left the bore. For my own part, instead of regretting 
this loss of time, 1 rejoiced at the circumstance, for I had 
thus obtained the most manifest proof of the dilatation of the 
glacier to a considerable depth. The contraction was not 
merely superficial, but extended as far as tlie bore did ; and 
it rould not be the result of the water congealed along its 
walls, for care had been talsen to remove the little stream- 
lets, and I had caused the few inches of water which accu- 
mulated at the bottom of the hole, in consequence of transu- 
dation, to be taken out every evening. 

One day the workmen felt the piercer escape from theii 
hands, and fall down tno feet. They were then at a depth 
of 110 feet- It was evidently an internal cavity which had 
been encoimtered, and a certain quantity of air-bubbles were 
soon seen arriving at the surface, after having traversed the 
column of water which tilled the bore. Unfortunately I was 
not near at the time, and the bubbles of air, whose nature it 
would have been interesting to ascertain, could not be col- 
lected. But the fact is of itself not the less important, be- 
cause it furnishes us with the proof that there are cavities in 
the interior of glaciers at very considerable depths, and in 
places where the surface does not exhibit any trace of a large 
and deep crevasae. The splinters which were detached by 
the piercer, and which ascended to the surface, had the saine 
appearance and the same hardness as if they had been de- 
tached from the wall of a crevaase. In two other cases, bub- 
bles of air rose fi'om the bore, without, however, the piercer 
descending suddenly. I have also seen them frequently ascend 
to the surface of hollows in the ice (baiffnoirea), filled with 
water. ' 

I was provided with three of Buuten's thermometrograjilis, 

which I placed every evening in the following manner: one 

<ireiit bore ; a second in the hole less deep, generally at 
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a depth of 15 feet ; and a third in llie air. I took care to 
close tlie openings of the two hdeSt so as completely to pre- 
vent the external air from influencing the temperature of the 
ail" contained in those holes. During the four weeks that 
these observations were continued, the temperature of the air 
at night never descended below — 6'" .5 (+ 22°.! F.) ; the mi- 
nimum has even been + 2° (35°.6 F.) during the night, on 
one occasion. Of course, the streamlets of water on the sur- 
face of the glacier then continued to flow, and did so even 
when the temperature was at + 1° (SS^S F.), or even at 
(32' F.). In the interior of the glacier, the thermonietrograph 
sometimes indicated (32" F.), and then the bore remained 
moist, and water was accumulated at the bottom ; some- 
times it descended to — O^S (31''.46 F,), and even to — O'.S 
(SIM F.) ; the sheath of the thermometrograph, or the cord 
w ich held it, was, in such cases, sometimes frozen to tlie 
bottom of the bore ; and I was obliged to disengage it by 
pouring boiling water down along the cord. On the morning 
of the 15th of August, the thermometrograph, whichhadbeen 
during tlie night at a depth of 60 feet in the glacier, was at 

(32 F.) ; the external air had been at - 3' (+ 26" .6 F.}. 
On the 16th it was at the same, while the air had been at + 
1" (33°.8 F.); on the 17th the thermometrograph indicated 
— 0°.6 (31''.1 F.), and the temperature of the air had de- 
scended to — 2" (-t- 28^4 F.). I quote these three observa- 
tions because they were made at the same depth, during an 
interruption of the boring. I intend publishing afterwards all 
the observations made at different depths. I .shall merely now 
add, that, onthecight between 31st August and 1st September, 

1 placed two thermometrograph s in the same hole, the one at 
a depth of 15 feet, and the other at 125 feet, and that I fonnd 
both at (32" F.) in the morning. The result was the same 
during the day of the 1st September, and during the nights of 
the 1st and 2d and 2d aud 3d September, at the depths of 15 
and 100 feet ; while the maximum of the external air during 
the day was -I- 8" (46''.4 F.), and the minimum of the two 
nights was + 0".7 ( + 33° .26 F.). During the day of the 3d 
September, I found the temperature at (32^ F.), at 15 and 
at 125 feet in the same hole, the external air being at -f 3" 
(37".4 F.}. 
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I had oliserveJ, that whenever the cold of the night was not 
very great, water was infiltrated into the bores ; and on seve- 
ral occasions I found in the morning my thermometrographs 
submerged, although I had taken care to empty the bore com- 
pletely the preceding evening, and although the introduction 
of water from above was prevented hy little drains, and by the 
manner in which the aperture was closed. I saw at once the 
importance of this fact for the theory of dilatation, and I pro- 
ceeded carefully to examine this accumulotion of water. The 
Ibllowing is the method I adopted. After having thoroughly 
emptied the bores, I measured from time to time the quantity 
of water that had been accumtdated, by plunging into the hole 
a sounding line, which I kept stretched in such a manner as 
to rub against the sides of the hole as little as possible. The 
length which I found to be moist when I withdrew it, gave me 
the depth of the accumulated water. The following observa- 
tions were made simultaneously in two bores, of which the 
one had a depth of 30 feet, and the other of from 120 to 140 feet. 
The first of these holes, of equal diameter throughout, had been 
bored with a,fleuree of 3J inches in diameter ; the large hole, 
on the contrary, went on decreasing in diameter from above 
downwards, having been bored to a depth of 92 feet with a 
fleuret 6 inches in diameter, from 92 to 110 feet with ajleuret 
of 5 inches, and beyond 110 feet with a/e«re^ of 3J inches. 
Qumtlilies of n-ater accumulated in the small and large borei. 
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Xt results from this table, tliat the quantity of water sn 

in the two bores was not only dift'erent, but was propor- 
tional to the surfaces of the bores ; whence we conclude that it 
is by no means introduced from tlie opening at the top, but that 
it is exuded by the sides. If it were otherwise, tlie small bore 
would not on every occasion have contained a quantity of 
water so small compared with that accumulated at the same 
time in the large bore. The contrajy would even have taken 
place, because the small bore was narrower than the large. 
The fact of the quantity of water being unequal on the diffe- 
rent days is also not without its importance, for it proves to 
us that no fissure or canal existed which could place the bores 
in communication with any reservoirs of water ; for. in that 
case, the accumulation of water would have been proportional 
to the interval of time comprised between the observations. 
Tliere is only one conclusion to be drawn, which is, that the 
glacier imbibes water in unequal proportions at different hours 
of the day, at different external temperatures; and according' 
as the air is dry or humid ; or, in other words, that the glacier 
should be regarded as a spongy body of ice, which has imbibed 
a larger or smaller quantity of the water that circulates in 
its interior. 

It is true, that, during the five days when tlie above observa- 
tions were made, the temperature fell only once below 
(32° F.) during the night, and that it remained most frequently 
above 0. We have had other lughts during which the mini- 
mum has been at + 2° (fib^.Q F.). We must not, however, p 
ceed too rapidly to draw from this inferences adverse to the 
theory of dilatation, and above all we must not thence con- 
chide that the glacier only imbibes as much water as there is 
at the surface. The state of the atmosphere no doubt influ- 
ences the quantity of water which circulates in the glacier, 
but this influence is not such as to prevent water existing in 
the interior of the mass even when the temperature falls tem- 
porarily under (32" F.). During the night of the 4th and 
5th September, the temperature of the air fell to - 4''(+ 24.8 
F.) ; on the evening of the 4tb it snowed, and on the morning 
of the 5th the glacier was covered with six inches of snow, and 
ivertheless we have seen that, notmthstanding the cold, the 
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small bore collected tliat night 1 foot 8 inches, and tlie lar^ 
bore 4 feet of water. The snow was perfectly dry, and did' 
not begin to melt until 6 o'clock p.u. 

If these facts were not suHicient to proYS that water circu- 
lates in a liquid state in the interior of the glacier, I could 
cite others not less conclusive. 1 have often seen water ex- 
uding along the smooth walls of the crevasses; and it sufficed 
tu wipe the moist place, to see a little drop of water rise to 
the spot over which I had passed my handkerchief. Lastly, 
il will afterwards be seen, that, on my descent to the bottom 
of a crevasse 120 feet deep, I found the walls of ice bristled 
in a multitude of places with small icy stalactites, four or five 
inches long, which evidently proceeded from the drops of water 
exuding at all these points. 

It appears to me to be demonstrated, that water is diffused 
in four ways in a glacier : — 

1. By hollows open at the surface, to which numerous rills 
of water resulting from the molting of the superficial ice con- 
tribute their supply. These hollows, opening widely to the 
surface, are crevasseg, apertures of cascades, haig}ioires, and 
vortical tubes, at the bottom of which there are small frag- 
ments of rock. It is not necessary to give any other proof of 
this mode of diffusion tlian the following fact : 'WTienever the 
night has been very cold, the surface of these pools of ivater 
is frozen, but the water beneath is lowered by two or three 
inches, and covered by a second and thinner crust of ice re- 
posing immediately on the water ; sometimes, indeed, the 
water of cavities of small extent has entirely disappeared, 
although the plates of horizontal ice which cover these hollows 
indicate that there must have been water to the depth of a 
foot and even more. I have never, however, seen large batb- 
shapcd hollow.f (baignoires), full of water, lower their level 
more than a few inches in the course of a night. I ought to 
add, that 1 have never met with a cret'asse which went to the 
bottom, except at the extremity of the glacier. 

2. By internal canals which circulate in the whole mass, 
like arteries of very various sizes, and which are seen termi- 
nating here and there on the walls of the crevasses and on the 
terminal edge of the glacier, where they sometimes form littl^— 
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cascades and even jets similar to that of a fountain, as was 
well seen last year in the glacier of the Rhone ; but most fre- 
quently their opening is very small, and is hardly a line in 
diameter ; they tlien give rise to small stalactites, of which I 
shall afterwards speak. 

3. By capillary fissures, which divide the whole mass into 
a quantity of angular fragments of various sizes. We may 
assure ourselves of this by pouring, as I have done, coloured 
liquids into cavities hollowed out at the surface of the glacier. 

4. Lastly, it seems to me probable that the vertical bands of 
blue compact ice, alternating with bands of white porous ice, 
and which T shall discuss immediately, maintain a continual 
infiltration of_water in the mass of the glacier wherever this 
structure is observable. 

The demonstration of the presence of water in the entire 
mass of the glacier, at all depths, is the most important of all 
the facts obtained during my residence last year on the glacier 
of the Aar ; and I am so much the more interested in bring- 
ing this clearly out, because it is upon the absence of water 
at great depths, that many authors, and especially Mr Hop- 
kins, in his essay entitled Theoretical Investigations of the 
Motion of Glaciers, found, in a great measure, their reasoning 
against the glacial theory. Without pretending that all the 
difiiculties can be removed by the discovery of this single fact, 
it will at least be conceded that it has enabled us to advance 
a step farther towards the solution of the problem, 

I now come to a no less important fact, that of the lamellar 
structure of glaciers. This remarkable phenomenon, which Pro- 
fessor Forbes has described extremely well in the Edinburgh 
New Philosophical Journal,* but of which he has erroneously 
claimed the discovery, and has assigned to it a generality 
tliat the facts he has himself observed did not at all justify, 
was for the first time observed in 1S38 by Professor Guyotof 
Neuchatel, on the glacier of the Gries, at aheight of 7500 feet; 
and that naturalist made it the subject of a highly into- 

iting communication to the Geological Society of France, 
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assembled that same year at Porrentruy. I had myself, like 
wise, remarked this phenomenon on the Glacier dea Bois, dur 

Ing an excursion which I made at the Sivme period, and after 
wards on the glacier of the Aar j but it presented itself no 
where with that striking distinctness we witnessed last year 
and it is on this account that, like several other facts whic: 
continued observations could alone elucidate, it is only men 
tioned in a vague manner in my Eludes sur let GlacUra. 

During the months of Angust and September 1841, thi 
phenomenon was so well developed in the glacier of the Aai 
that it could not fail to strike every observer, especially in th 
environs of the Hotel des Neuchatelois, at a height of 7500 feel 
and at a distance of two leagues ftom the extremity of th 
glacier. I shall now endeavour to describe it, and to give ai 
account of the researches carried on with a view to ascertaii 
its extent and modifications. 

It is known that in general the ice of glaciers differ 
from ordinary ice, by having a network of capillary fissurei 
which seems to penetrate its whole mass, and is the resul 
of the transformation of the neve into ice. But this ice ii 
nevertheless, of great compactness, and though rough at it 
surface where it is not covered by a moraine, that appear 
ance is only superficial ; and it suffices to remove the externa 
crust, to find the ice as compact as under the moraine, am 
at every place where it is sheltered from evaporation. It 
then, we examine this ice, we find that it is by no means ani 
form, but, on the contrary, that it is composed of lamins o 
^■ertical bands of variable breadth, being generally from J- to 1 
2, and 3 lines, but sometimes also from 1 to 2 and even from ■ 
to 5 mches broad. One set have a bluish tint, and a very com 
pact and homogeneous texture ; and the others have a whit' 
colour, their ice being less hard, and having a snowy appear 
anee, in consequence of the quantity of bubbles of air will 
\vhich it abounds. The whole may be compared to a mass o 
glass, composed alternately of dull bands with air-bubbles, am 
bands which are perfectly transparent. This particular ar 
rangement of blue hands alternating with white ones, is par 
ticularly apparent in the walls of the crfi'OJS^tf. The bands pas 
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from one wall to the other, and can be traced for spacas of 
hundreds of yards, always preserving a perfect parallelism. 
They are to be seen descending in this manner into the mass 
of the glacier, as far as the eyo can reach into the crevas»ea, 
sometimes to a depth of ten and fifteen metres (yards). Their 
direction is generally parallel to the axis of the glacier ; bat they 
are not always rectilinear ; for I have seen on the glacier of 
Aletach and elsewhere, contortions and dislocations of diffe- 
rent kinds, and M. Guyot remarked the same thing in the 
Cries glacier. Although the observations made at the be- 
ginning of oar residence on the glacier of the Aar induced me 
to believe that this lamellar structure extended to a large por- 
tion of the mass of the glacier, I was nevertheless desirous to 
assure myself, in a direct manner, that it did so, and with this 
view, I descended into one of those hollows or pits in the 
glacier, where most of the streams which trace a serpentine 
course on its smrface are swallowed up. 1 was thus enabled 
to follow the blue and white bands as far as the accumulation 
of water at the bottom of the hole permitted me to descend, 
that is to say, to a depth of 120 feet. 

The following is a short account of the descent, which my 
travelling companions afterwards denominated my descenfe 
aux infers : — 

It was towards the termination of our residence on the gla- 
cier ; we had finished our boring, and were preparing to depart, 
when, while discussing, according to custom, the phenomena 
we had observed, one of the party remarked that it would per- 
haps be easy to descend without danger into some one of the 
pits of the glacier, and that perhaps some unexpected appear- 
ances might thus be observed. All were of this opinion, and 
without delay wo commenced looking for a pit suited to the 
purpose. These pits, as I have remarked in my Eludes sur 
ki Glaciers, ai'e probably old crevasses, which a small stream 
of water has prevented from being completely closed ; so that 
instead of being of an elongated form, they are, on the con- 
trary, for the most part cii'cular, and the rivulet, far from con- 
tracting them, tends to enlarge them more and more, espe- 
cially when it is considerable. We found at some distance 
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from our liut one of tliese pits, which seemed well adapted 
for our object ; it had an opening of eight feet In diameter, 
and appeared to penetrate vertically to a great depth. 1 re- 
solved to descend into it ; but to accomplish this it was neces- 
sary to begin by turning off the stream by cutting another bed 
for it in the ice. We set all hands to work, and when the new 
bed was formed, I sent my men to procure the trepind, which 
had been used for tlie boring operations, and placed it over 
the pit. A board on which I was to sit was fixed at the end 
of the rope, and 1 was secured to that rope by a strap, which 
passed under my ai'ms, so that my bands were left free. In 
order to protect me from the water, which we were not able 
to turn off completely, the guides covered my shoulders with 
the skin of a goat, and placed on my head a cap made of a 
marmot's skin. Thus accoutred I descended, provided with a 
hammer and a staff. My friend Eselier was to direct the de- 
scent, and for this purpose he lay down on his face, with his 
ear hanging over the side, in order the better to hear ray di- 
rections. It was agreed that so long as I did not ask to come 
lip, I should be allowed to descend as far as the distance at 
which M. Escher could distinctly hear my voice. I reached 
a depth of 80 fuet without encountering any obstacle, observ- 
ing attentively the lamellar structure of the glacier and the 
small stalactites of ice of which I have already spoken, and 
which were attached on all sides to the walls of the pit. These 
stalactites were from 2 to 5 or G inches long, and only a few 
lines in diameter ; and they were bent like books fixed in the 
walls. It was evident that they were produced by an exuda- 
tion from the walls of the pit ; for if they had resulted from the 
water falling from tlie surface of the glacier, they would not 
have been so uniform nor so equally distributed over the whole 
surface of the sides. Those which were really derived from 
the cascade of water from above were much larger, were more 
closely united to the wall of ice, and were, moreover, limited to 
one of the surfaces of the passage. The bands of blue ice 
hecamo perceptibly broader as I descended ; they were less 
sharply marked than above, and the remainder of the mass, 
of an inferior degree of whiteness, was less distinctly con- 
trasted with the intermediate deeper coloured laminae, 
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depth of about 80 feet I encountered a, ridge of ice which 
divided the pit into two compartments, and I endeavoured 
to enter the widest ; but I could not penetrate more than 5 or 
6 feet, hecause the passage became divided into several narrow 
Ciinals. I caused myself to be raised up, and managing 80 as 
to make tlie rope deviate from the vertical line, I got into 
the other comportment. I had observed in descending, that 
there was water at the bottom of the pit, but I supposed it to 
be at a very great depth ; and as my attention was especially 
directed to the vertical bands, which I continued to trace, 
thanks to the light reflected hy the brilliant walls of the ice, 1 
was very mueli astonished when I suddenly felt that my feet 
were immersed in water, I immediately directed myself to be 
drawn up, but the order was misunderstood, and in place of 
ascending, I tiiund that I was descending, I then uttered a 
try of distress, which was heard, and I ivaa raised up before 
being obliged to have recourse to swimming. It seemed to lue 
us if I had never hi n)y life encountered water so cold. Frag- 
ments of ice floated on its surface, which no doubt were 
broken portions of stalactites. The walls of the pit were rough 
to the touch, and this was doubtless caused by the capillary 
fissui'es. 

I should have wished much to remain a longer time to exa- 
mine the details of the structure of the ice, and to enjoy the 
unique spectacle presented by the blue of the sky, as seen 
from the bottom of the abyss; but the cold obliged me to 
ascend as soon as possible. When I reached the surface, my 
friends told me of their anxiety for my safety when tliey heard 
my cries, and that they had experienced the greatest possible 
difficulty in di'awing me up the pit, although they were eiglit 
in number. I had, however, reflected but little on the danger 
of my position. Perhaps, if I had known it previously, I would 
not have exposed myself to it ; for, if one of the large pointed 
flakes of ice lining the walls of the cavity had been detached 
by the rubbing of the rope, and had struck me in its descent, 
my destruction would have been certain. I would, therefore, 
advise no one to repeat the experiment, unless it should be for 
;jome important scientific piupose. 
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I was thus cnnliled to follow out the lamellar strncture of' 
icier, not only as far as the first interruption of the canal, tl 
to say, to & depth of abuut 80 feet, but even, although Iws 
Iwtrnctly, to the bottom of the hole. I therefore oonstder 
mjself entitled to conclude that the laininiB traverse complete- 
ly the ylttcier propetly so called, becoming more and more 
Heniled in its mass, wheteos they exhibit very different pheno- 
^Lmena in the higher regions, as I shall afterwards notice. Every- 
^Vtliing leads us to believe that the phenomenon of the lamellar 
^utructnrc is connected with the infiltration of the water into the 
■.mass of the glacier ; and as we have seen, by the experiments 
Himentioiied above, that water exists in a liquid state as far as 
Bwe have yet been iible to penetrate, and thnt, on the otbei 
Bliand, the lamellar structure extends also, according to 
^1 ^pearanee, through the entire mass, it must be by observii 
H in a continued manner the mode of the infiltration of the 
ter in the ice, especially at places where the lamellar struc- 
ture begins to present itself, that is to say, at the limit be- 
tween the nev<S and the glacier, that we can hope to attain the 
explanation of this inipoilant phenomenon. I propose to pro- 
secute these observations during the sojouni I expect again to 
make this year on the glacier of tlie Aar. At the same time 
I beg those naturalists and natural philosophers who may visit 
other glaciers, to direct their attention to tliis subject, being 
persuaded thiit they will deduce important results, not onl 
for the study of glaciers, but for physics in general. 

I ought here to mention an e.tperiment which I made wil 
the viewof ascertaining the modifications to which thedifferent 
bands of this ribboned ice are subjected by the influence of 
the air. At a spot where the lamellar structure was verv 
distinct, I uncovered a space about n. foot square under 
the moraine, taking care to clean the surface well. We ob- 
served attentively the action which the air exercised on this 
surface newly exposed. At first the blue bands began to grow 
pale insensibly ; fissures seemed to be formed in their interior ; 
but I rather think that they merely became visible by the dii:- 
placement of the air contained in the mass, and which is ol 
n bursting out in small bubbles at the surface. At the end 
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half an hour the blue bands could only be vaguely distinguish- 
ed from the white ones; the surface had assumed a very rough 
aspect ; some hours afterwards it had even become entirely 
porous to the depth of about an inch ; the lumps which were 
formed had become mobile, without, however, being disag- 
gregated; the differences of tint had then completely dis- 
appeared, and the ice appeared composed of unequal but 
homogeneous fragments. Nevertheless, by moistening large- 
ly with water this unequal surface, the ribboned arrange- 
ment and the tints of defined colour reappeared immediate- 
ly, and anew gave to the ice the lamellar aspect which it 
had originally. When the influj 'ce of the atmosphere was 
prolonged for a considerable j;.vJod, the white bands at 
last became completely disaggrer*ated to the depth of about 
a foot, and were then transfer i into small grains per- 
fectly similar to those of the nvvf^ v^'hereas the blue bands only 
appeared between these beds of grains as projecting edges 
soiled by the dust which lodges on glaciers. It is in the white 
bands, which are originally hard, but have become granular 
in consequence of the external temperature and the melting, 
that the small rills of water collect, which wind over the sur- 
face of the glacier. But if the glacier should be inundated 
by a violent rain, on the following day its blue and white tints 
at the surface contrast anew with a striking intensity. This, 
at least, was what we saw take place last year, and it remaii? s 
to be ascertained to what extent this reiterated phenomenon 
of disaggregation and of congelation is reproduced at different 
seasons, and under influences of various kinds, and what are 
the circumstances which render the whole more or less appa- 
rent at the surface of the glacier. It is probable, according 
to what has just been stated, that the white bands are a nM 
impregnated with water and congealed, whereas the blue bands 
appear to me to be bands of ice of liquid water transformed 
directly into homogeneous ice.* It is difficult to determine 



* It would be interesting to ascertain if the same thing takes place ia ice 
houses^ containing i^iled up ice wliich has been sprinkled with water. 
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the cause whicli determines this linear and continuous disposi- 
tion of these vertical laminse, but it seems to me that the 
first impulsion of this structure is caused by a molecular move- 
ment of the neve soaked with water, and purified by the run- 
ning of the water according to the line of the greatest slope. II 
this were once established, it would not be at all cxtraordiDary, 
that, in the lower part of tlie glacier, and notwithstanding the 
changes its coui-se might undergo, this original disposition 
should be maintained by the (Urection which it wonid impress 
on the water that infiltrates into its mass by penetrating from 
the surface to tlie interior. It is at least only in this way that 
I can explain the more or less considerable obliquity of the 
lauiinieon the outside of the moraines, andat the edges of glaciers 
where the largust quantity of water circulates ; and it is only 
by tills means that we can explain the sinuosities and the con- 
tours that they form, when the masses are displaced from their 
natural direction during the long course of their descent from 
tlie high regions towards the extremity of the glaciers. It is 
well worthy of remark, that the stratified fields of snow of the 
highest slopes of the Alps do not present any trace of this 
lamellar structure, and that in the niv^, where it passes into 
glacier,* this structure is superficial, or only penetrates a few 
feet into the mass ; it is only in the main course of the glacier 
tliat it seems to me to be well developed and to penetrate 
very deeply ; at the lower extremity it gradually disappears. 
It still remains to be determined if traces of it exist at the in- 
ferior surface of the mass of the glacier. 



" I only wish io deBcribe in tliis article tho facts relative to glacicta pro- 
perly bo cilUcil, becauBB these aio more imincdktely conncetod with Ibe 
theory of progrosfiion by inSUration. It would have led mo too fw to have 
detailed the new observations which have been made on tlie fields of anow 
of the highest regions, and on the varions phenouiona presented by the 
nii'i. H. Besor and I h.ive endeavoured to delineate the limits of thete 
three regions (the fields of snow, the uttt. and tho glaciers), on a map of the 
ylaclers of the Bernese Obcrland, ivhith aceompames the narratiTo of om 
aecent of the Jungfrau, by M. Vogt, (Jenl and Gassmann, Solcure, 
1841.) 
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The movements of glaciers, and more especially those of 
the lower glacier of the Aar, have for several years been the 
object of my continued attention. In my Etudes (p. 150), 
1 have stated the progress of this glacier from 1827 to 1840, 
which, after taking into account the corrections lately made by 
M. Hugi, as to the distance of the hut from the ^iscAtcMH^, would 
amount to about 220 feet per annum. In August 1840, the 
Hotel dea NeuchateloLs was 2457 feet from the angle of the 
rock called the jibKhwung, which separates the branch of the 
Finsteraar from that of the Lauteraar. I took care to inscribe 
this measurement on one of the walls of the block. The fol- 
lowing year, on arriving at the Hotel des Neuchatelob, my 
first proceeding was to measure the distance anew, and I then 
found it to be 2G23 feet. The block had therefore advanced 
166 feet. This new measurement was likewise inscribed on 
the block, and I am sure that on again visiting the glacier of 
the Aar this year, I shall find that the block has advanced 
about an equal distance. This is what any traveller may 
ascertain who happens to be at the glacier before me. If 
it be kept in mind that this annual progression takes place 
at a point where the glacier is very little inclined, inasmuch 
as its slope is scarcely 3", and that at the same time the upper 
masses, and especially the branch of the Lauteraar, are very 
uniform, and do not present any trace of a rapid movement, 
it will be understood that a sliding movement, such as is sup- 
posed by many authors, is not at all probable. It suffices, more- 
over, to have seen the localities, in order to be convinced 
that at that point the glacier could never have advanced 
otherwise than by a slow and continuous movement, caused 
by infiltration and the daily congelation of the water which 
penetrates the whole mass. 

These measurements ought further to establish, in another 
manner, the evidence of the movement by dilatation. It haa 
been reasonably said : If it he the infiltrated water which, by 
becoming dilated, occasions the progression, it would not only 
be necessary that the whole mass should advance, but that 
the distance between two given points on the glacier itself 
should also be augmented ; the same thing ought to occur 
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here as in n iii»ss of dough, wbicli ii> made to fermeut, and all 
of whose parts become dilated. Now, this is precisely what 
takes place in pliiciers, as I have been enabled to infer from 
the distance which separates the blocit under which we lived, 
from another large block situated lower down, and knoivn by 
the name of Hiigi's Hut {Cabane de Ifuyi). The two huts are 
placed on the summit of the great medial moraine, eonce- 
fjuently in the middle of the glacier, and under precisely simi- 
lar conditions. When I established myself on the glacier in 
the month of August 1840, the distance from the ITlitel de> 
Neuch&teloU to the Cabane Hiigi was 1890 feet ; in the month 
of August 1841, the distance amounted to upwards of 2000 
feet; hence it had increased by about 110 feet.* On the 
other hand, we have just seen that the distance of the Hiitel 
lies Neuch&telois from the Abgehipung, had been auj^naenteiJ 
during the same year by 166 feet in 2457 ; whence it results, 
that the progression was about the same in the t^vo spaces 
(166 feet in 2457, and 110 in 1890). Last year, before quit- 
ting the glacier, I took, along with my ft'iend M. Eselier, 
otiier measurements, which will serve, I hope, to confirm thesu 
results. We ranged in a line, at three dilferent places, n 
series of stakes, whose positions corresponded exactly with 
fixed points on both sides of the glacier. As those stakes 
are all inserted to a depth of 10 feet, I hope to find them still 
erect tliis year. It is probable that they will no longer be in 
line, and those which have advanced the farthest in the direc- 
tion of the slope of (he glacier, will indicate the portions of 
the glacier which have progressed most rapidly. 

But the glacier was not only dilated in the direction of its 
slope/ it was also considerably swollen, especially in the branch 
of the Finsteraar, at some distance from our hut. This swell- 
ing was BO visible, that on approaching it for the first time, 
1 the month of August last, every one was struck, the guides 
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as well as ourselves ; and I believe that in calculating the 
swelling at about 10 feet, we are far under the truth. It was 
quite close to the place where, in the preceding year, I had 
inserted two poles in the bores, the one to a depth of 9 feet, 
and the other to a depth of 20, for the purpose of ascertaining 
if the glacier really rejected foreign bodies. I burned wilh 
impatience to discover what had become of my two poles. We 
found both erect ; but 4iaving measured them, I ascertained 
that they had been elevated 7 feet ; so that the longest was 
only sunk to a depth of 13 feet, and the other would scarcely 
stand in the hole, which was not more than a foot and a half 
deep. The contact of the wood had also sensibly enlarged the 
two holes, more particularly the second. 

At first sight the matter seems quite simple, and it might 
he said that it was the level of the glacier which had 
been lowered hy the melting. But we must not forget that 
these polts were planted on the portion of the glacier which 
had become most swollen since the preceding year, and this 
necessarily complicates the question, for how can we conceive 
at once a swelling of 10 feet and a lowering of 7 feet 1 Abla- 
tion had, nevertheless, actually taken place ; and if, notwith- 
standing this ablation, the glacier became swollen as it pro- 
gressed, that could only be because the augmentation of vo- 
lume, resulting from the congelation of the water accumulated 
in the interior of its mass, had been more considerable than 
the voliune of ico removed at the surface by the melting and 
the evaporation. A similar occuirence ought to present it- 
self whenever the summer is rainy, as in 1841, for then the 
evaporation is less considerable, while an enormous mass of 
water is infiltrated daily into the glacier. We found, in fact, 
all the glaciers of the Oberland in a state of increase ; and in 
all places they threatened to invade the pastures. 

The experiment which 1 have now mentioned was also 
made by M. Escher de la Linth on the glacier of Aletsch ; and 
the results he obtained were still more striking as to the ra- 
pidity of the disappearance of the ice. M. liseher, with the 
view of verifying the opinion 1 had expressed on the meta- 
morphoses of glaciers, proceeded in the course of the month 
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of Judo last year to the gUcier of Aletsch, taking with him 
an ample provision of stakes, nhich he Iiad caused to be pre- 
pared in the Valais. He described, by means of these stakes, 
planted at equal distances from one another, a triangle placed 
iu relation to several lixed points at the sides ; and he hoped 
by this means to arrive at a knowledge of the movements of 
the glacier, not only in the direction of the longitudinal, 
but also in that of the transversal aais. In order that the 
winds and storms might not knock over hb stakes, he sank 
all of them to a depth of four feet. What was his surprise 
when, having gone about the middle of August to visit his 
triangle, he found that most of the stakes were down, and that 
those which were still erect did not penetrate more than half- 
a-foot into the ice ! Twelve days afterwards (the 28th Au- 
gust), when I ascended the same glacier on my route to the 
Jungfrau, 1 found only one of the stakes erect- Thus two 
months were sufficient to remove a bed of Z\ feet in thickness 
from the glacier of Aletsch ; and notwithstanding, M. Escher 
asstuvs us that no difference in the level of the surface was 
perceptible. 

These experiments were so important that I resolved to 
continue them. Foreseeing that, in the following year, the 
bore which I had pierced to a depth of 140 feet would be 
closed, or at least so much contracted as to be no longer of 
any use to ine, I determined to employ it for a similar expe- 
riment. I therefore took fourteen wooden cylinders, each a 
loot long, and having a somewhat smaller diameter than that 
of the bore. I numbered them carefully, and having sunk 
No. 1 to the bottom of the hole, I covered it with a bed of 
gravel of feet. I then introduced cylinder No. 2, which I 
covered in the same manner with a column of gravel of 9 
feet, and so on in succession ; so that in this manner the en- 
tire bore contained all the fourteen cyhnders, separated ft-om 
one another by columns of gravel 9 feet long. The fourteenth 
ivaa li foot under the surface of the ice on the 6th September 
1B41. As the position of the hole was exactly determined 
and easy to find, we can easily ascertain what has been the 
amount of ablation inagivcntime. SupposingthatthisabUtioB 
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is on an average only 6 feet in the year, and tlial the glacier 
continues to advance in the same proportion — that is to say, 
about 200 feet annually — the cylinder No. 1 ought to reach 
the surface in about 28 yeai-s, and at a distance of 5600 feet 
from the place where it was inserted. In this calculation the 
inequality of the rapidity of the beds is certainly not taken 
into account, and which, according to the most recent re- 
searches, must be less considerable than I at first supposed. 

The second bore, having a depth of 30 feet, was employed 
for an experiment from which I expect still more important 
results. We have seen, from the general view I have already 
given of the temperature of the interior of the glacier, that 
this temperature varied but little during the whole period of 
our residence on the glacier. It was important to ascertain 
if this was also the case during the colds of winter, when tlie 
glacier is covered with a thick bed of snow. I therefore re- 
solved, with this view, to make use of my three minimum 
thermometers. I placed two in the bore, and suspended the 
third freely in the air at the top of the trepied. In order to 
preserve these instruments from the influence of the water, 
and that I might not have difficulty in raising them after- 
wards, I had a tin-case uiado, which was 1\ inches in diame- 
ter and 24 feet in length, and which I sank in such a manner 
that its upper end was a foot below the surface of the ice. I 
introduced the first thermometer into the bottom of the ease, 
and placed the second at 12 feet higher up ; so that the latter 
was at a deptli of 13 feet, and the first at a depth of 25 feet, 
in the glacier. In order, moreover, to protect my instruments 
from the possibility of being pressed by the walls of the gla- 
cier, I took care to include each of them in a thick sheatli of 
brass. Each instrument is coated with tallow in its sheath, 
and the tin case which contains both is also equally well 
closed, so as to prevent the access of water. By this means 
I hope this year to obtain in these lofty regions the minimum 
temperature of the glacier, at depths of 25 and 13 feet, and 
that of the air at 12 feet above the surface. I intend going 
to ascertain the results whenever the snow has disappeared 
from the surface of the glacier. 
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MODE OF ttvma ON THK GLAPIKR. 

I cannot conclude tlils article without saying a fewwotds 
oo the kind of life we passed at the Ilttel de» N'euchdleloii; 
for I do uot suppose that a correct idea cau be formed of 
it without possessing an exact knowledge of glaciers. At 
first sight there is something extraordinary in the notion 
of a prolonged sojourn in the midst of a sea of ice, at s 
height of 7500 feet. It may naturally be imagined that 
the cold must be excessive, especiidly at night, and I have 
frequently been asked how I managed to escape beiii^ 
frozen. The fact is, that it freezes there almost every iiigbt, 
and the thermometrograph often indicated in the air — 4" 
and 5- (and + 24.8 and 23° R), and even — C^ ( + 22M F.). 
But we were well provided with coverings ; and as our abode 
was sufficiently small, the respiration of five or six individuals 
sufficed to maintain a tolerable temperature. 

Notwithstanding its pompous name, the JI6lel dea NeuchA- 
telois is, in reality, but a very small hut about 12 feet long 
by 6 broad, and 4 high, where its height is greatest, I have 
already said, that this cabin is situated on the moraine; it has 
pure ice for its foundation, on which the broad stones of the 
moraine have been placed so as to form a sort of flooring. A 
bed of herbs gathered on the sides of the glacier served as a 
mattress ; and to protect ourselves from moisture, we took care 
to make use of a double covering of wax-cloth. The latter is 
a precaution which it is important to take, and which I cannot 
sufficiently recommend to those who wish to live on glaciers; 
for there, as elsewhere, humidity is much more to be dreaded 
than cold. As our hut was merely formed of a dry stone wall, 
we endeavoured to guard against violent winds, by stopping 
np the interstices with bunches of grass. It nevertheless hap- 
pened frequently, in spite of om- precautions, that a hurricane 
{Guxen) blew fearfully through the wall. As, however, we 
were generally fatigued by our exertions during the day, we 
did not sleep the less soundly. 

It was the rainy and snowy nights only wliicb were n 
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disagreeable ; for as the large block wliioli served as a roof was 
fissured tbrougbout notwithstanding its enormous thickness, 
the water penetrated by the fissures, and streamed along its 
lower surfiicc. Whenever one of these little streamlets en- 
countered an inequality, a cascade was formed which awoke 
in an annoying manner those who happened to be under it. 
Sometimes one, and sometimes another, wns then seen rising 
up, and seizing a candle, endeavouring with his finger to give 
another direction to the troublesome rill. But soon recover- 
ing its first direction, it would proceed to moisten the person 
to the right or left, and thus rouse him by dropping provok- 
ingly into his ear or moiith. Tlie unfortunate individual would 
then get up in his tui-n, and try to correct the course of the 
\vatev, or prohably send it to sprinkle bis companion near him. 
1 remember one night when the rills of water and tbo cascades 
were so abundant, that all change of direction was useless ; 
and seeing that it was impossible to sliut an eyo, we began to 
amuse ourselves at the expense of our cascades, by communi- 
cating to them all sorts of directions. In place of sleeping, 
we pursued hydrographical studies. 

In order to inure ourselves to the cold, several of the party 
adopted the habit of bathing the body every morning in iced 
water, in u large tub which the guides placed every evening 
before the door of the hut, and which in the morning was 
often covered with ice half an inch in thickness. At first this 
practice seemed severe, but we soon became accustomed to 
it, and did not wish to give it up ; for after the first disagree- 
able sensation was surmounted, we were sure to feel warm, 
and could wear our ordinary dresses with impunity ; whereas 
those who dreaded these icy baths, and did not make use of 
them, shivered around us enveloped in their cloaks. 

Our chief guide, Jacob Leuthold, who was also at the same 
time our chief cook, arrived between four and five o'clock to 
prepare breakfast, which generally consisted of a cup of choco- 
late. When we had finished, the pot was replaced on the fire 
for the breakfast of our guides, which was cheese-soup. Our 
first occupation was to visit the thermometrographs and the 
thermometers ; and when the sheath of one or other of these 
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instruments was frozen to tlie walls of the hole, it heeame ne^ 
cessary to employ hot water to detach it ; an operation which 
took up a considerable time. Except on rainy days, the bor- 
ing could not be commenced before eight o'clock, for it wai 
necessary to wait till the rlUs of « ater again began to flow 
the work was then carried on till midday. Those who wert 
not occupied with the borers made an excursion to some neigh 
bouring summit, or visited one of the numerous moraines whicl 
descend from the flanks of the valley; and as I bad taken wit! 
me a landscape painter, M. Bourkhart of NeuehStel, to deli- 
neate the most remarkable phenomena of this mer de glace, 
ill a scientific and picturesque point of view, I often accom- 
panied him to point out the places most worthy of attention 
Most frequently, it was not so much the special object we fol- 
lowed, as the unexpected observations we made, which gav* 
importance to these exciu'sions ; and at last we did not fix oi 
any particular plan, but simply walked to some summit, or tc 
some lateral glacier, with the anticipation of reaping an amplf 
harvest of new observations. The niunerous facts of detai 
which were collected in the course of these various excursions 
cannot come within the compass of a mere article in a journal 
but I intend soon to publish a summary of them in a supple- 
mentary volume to my Etudes sur lea Glaciers; and I hope thai 
they will contribute more and more to increase the interest 
which attaches to glaciers, by initiating naturalists into th( 
minute history of a natural phenomenon, which, with all its 
apparent uniformity, is yet so splendid and so varied. What 
indeed can be more interesting than this series of metamor- 
phoses, to which frozen ice is subjected, from its fall on tht 
high summits in the form of snow or of small bail (ffresil), tc 
its transformation into those masses of compact ice which de- 
scend like immense solid coulies into the midst of our forests, 
and of our cultivated fields ! What can be more worthy of at- 
tention than the study of the red snow, that microscopic crea- 
tion which extends as a rose-coloured tint over immense epacef 
of the neve, in places where traces of organic life could hardly 
have been expected to exist ! What, moreover, can be more 
curious than to bo able to follmv for great distances the June- 
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t of the glacier and the rock, to see in some degree tbe 
i act of polishing and furrowing tlie walls of its 
bed, and to study the various effects which all this produces 
on the rocks, according to their hardness and the nature of 
their composition ! Lastly, let me say, that it was here that 
we first observed the remarkable phenomenon of the niveaux 
dcs roches polies et moutonn^es, which will enable us henceforth 
to determine the greatest thickness of the ancient sheet of ice 
which covered our country at any given point in the Alps, and 
that with a precision so much the more rigorous, because the 
traces the ice has left of its action on the rocks on which it 
has operated, are indelible, and form a striking contrast with 
the rugged and angular rocks which surmount them. 

But let us return to our hut. Mid-day approaches, the 
whole party are re-assembled round the kitchen fire, and 
each one brin^ with him an appetite with which, for sharp- 
ness, that e\perienced on the plains cannot he compared. 
Although theicfoie, tbe fare was but little varied, all agreed 
that it was a real enjoyment to dine in the -open air at the 
H6lel des Keuchaleloia, round the largo flat block of gneiss 
which served as our table. We had little else to eat but mut- 
ton and rice, but whether it is that the mutton of these high 
mountains is really better than elsewhere, or that the sharp 
air renders the palate less fastidious, it is certain that we 
never tired of it. Sometimes we had for variety some goat's 
meat, which we likeivise found excellent. A cup of coffee and 
a cigar were the necessary adjuncts to our dinner, and it seem- 
ed to us tliat both the one and the other had a more exquisite 
perfume under the sky of the Schreckhom and the Finsteraar- 
horn. This was the hour for lively conversation, animated 
discussions, and the proposal of daring projects. After din- 
ner we all returned to our occupations, one in one direction 
and another in the opposite ; or perhaps we remained at the 
H6tel to write out our notes and observations. The evening 
thus arrived for the most part more speedily than we could 
have wished. After the little rills of water on the surface of 
the glacier began to be dried up, which, in serene days, 
rally took place between four and five o'clocl;, the boring 

VOL. XXSnx. so. LXVl. OtXOTlEa 1&42. 



■tace of ^j 

gene- ^H 

ngwaa ^^H 



I 

I 



382 Professor Asassiz on the Glaeier Theory. 

Btopped, the holes were emptied of water, Rud the thermometio- 
grE^hg were inti-oduced, opeiations which coutinueil till new- 
ly seven o'clock. We thun assembled anew round thu kit- 
chen ; but at that time, although not less hungry than at din- 
ner, we remained a much slioiler period at table, for it was 
much colder, the temperature being than generally about 
(32° Pj. The supper being over, we hastened to enter the 
hut ; the light dresses of the day were exchanged for good 
clonks and furs ; and ivlien night arrived, we closed the cur^ 
tain which served as a door, and lighted the cMidle. The 
guides returned to their habitation on the left bank of the 
glacier, and all slept quietly on a place of repose which un- 
der any other circumstances would have been thought detest- 
able. " 

In this manner we passed altogether about a month on the 
glacier of the Aar, without including the excursion to the 
Jungfi-au, which took place on the 28th of August Dui'ing 
all this time we had a crowd of visitors, who were curious to 
see an establishment of so novel a kind,* Others were at- 



* Among tliB tourists who visited ue, several came from Giindelwald bj 
llie Strolilock ; these, it ma.; be well siipposed, were mucli fatigued oil 
arriving at the HMd dts Seaeh&lAuit ; and I hod pleasure in receirlog- Ihem 
Bi well OS possible. One evi>ntng, when, being ssBembled together rouml 
cur hat, we were ainnsing ourselres bj observing tlie efleets of light on llie 
flanks of the Finsteca-irhorn, wo aaw a numerous caravan issuing from the 
angle of the Abathwnng. Immediately our glasses wele pointed in IhM 
direction, to try if we could recognise among llie travellers any oao of our 
acquaintance. One of the party was in a riiwec a parUnrt. We all expressed 
our snrprise at this singulaT niode of travelling ; but what was our nstoniBl]- 
ment to discover that this traveller was a lady. Our irony was at once con- 
verted into admiration. Was it possible that alsdy had crossed the StraJi- 
leckl She was certainly the lirst wlio bad attempted so difficult a route. 

It turned out to be an English I:idy, Mrs C of Edinburgh, accompanied 

by her husband and nine guides. We proceeded to meet them. The Isdy 

was very young, and seemed very timid ; and Mr C informed us that 

she liad nevertheless performed the greater part of the journey on foot, but 
that her shoes had been torn, and it became necessary for lier to be canied, 
which gave her great annoyance, 1 invited her to lake a little ropose, aitvr 
which the caravan continued its route towards the Hospice of the Qiiswel, 
liAere h arrived at nine o'clock. 
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traded by a more elevated motive, the desire to participate In 
our labours, or to testify by their visit the interest \vhich they 
took in the investigations we were prosecuting ; and, as the 
happiness whicti we experience at meeting with persons for 
whom we entertain a profound veneration, or with whom we 
are on terms of sincere friendship, was heiglitened by the 
beauty of the locality, I felt my heart beat with joy whenever 
I recognised a friend amnng the travellers who arrived along 
with the carrier of provisions about eleven o'clock in the 
morning. I am proud to be able to name among the number 
of those who visited me or lived with me at the HUel det 
Netich&telois, General Pfuel, governor of Neuehatel, who, not- 
withstanding his age, performed on foot the arduous journey 
across the glacier, being unwilling to be outstripped even by 
the youngest; Lord Enniskillen, whose zeal does not give 
way before any fatigue, when the progress of science is in 
question; MM. Adolphe and Alfred de Rougemont, whom we 
are always sure to meet whenever any object of utility con- 
nected witli Switzerland is concerned ; my excellent friend 
Professor Studer of Berne ; Mr and Mrs Trevelyan ; Messrs 
Guyot, Robertson, Cole, Nicholson, Martins, Canson, &c. 
Lastly, I have already had occasion to mention among the 
number of those who took an active pai-t in my labours, M. 
Escher de la Linth, as well as Messieurs Desor, Vogt, Forbes, 
and Heath. All shared my habitation at the H^tel deg Neu- 
chdtelois ; and I took care to have all their names cut on one 
of the surfaces of the large block which served us as a shelter. 

I had intended again to have encamped this year under this 
same block, with which so many recollections are associated 
in my mind ; but my guides have dissuaded me, by asserting 
that there would be danger for the colony in doing so, owing 
to the block being so much fissured. I have, therefore, given 
orders for the construction of a tent at the side of the old 
H6tel dea N'euch&leloU ; and it is there that I hope next 
June and July to welcome all the friends of glaciers who roKf 

lose to pay me a visit. 
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On the Oceurreiire of Pfnfina rind Diamonds in Borneo, 

The occurrence of platina in the Ea.st Indian Archipelago 
\s but little known, and it is probably quite new to manj that 
this metal is actually obtaiiied there in large quantity.* Upon 
this subject we have acquired accurate information from the 
late Dr Ludwig Horner, the son of the celebrated astroQonier 
and voyager Horuor of Zui-Ich. The details deserve to be 
better known, and are contained in the VerhanUeliiigen van 
hel Bataviaasch Genootachnp van Kumlen en Ifetengchappen. 
xvii Deel. Batavia. ISSt), p. 89. At the south-eastern ex- 
tremity of Borneo, named Tanah Laut (Seeland), there ends 
a mountain -chain which accompanies the course of the greut 
river of Banjermassing, and which has been traced to tlie 
nortli of the Equator. The most southern portion of the 
mountain range is termed the Ratoos Moimtains, whose highest 
summit rises 31G8 Fai-isian feet above the sea, and these are 
cliieSy composed of serpentine, diorite, and gabbro. The 
valleys and the base of these mountains are covered by a thick 
deposit of red clay, in which there is an imperfectly defined 
bed of white quai'tz pebbles. In the valleys the red clay is 
from 10 to 20 feet deep, and the bed of quartz pebbles is from 
1 to 4 feet thick. It is this deposit which contains the gold 
in extremely small plates, associated with a large quantity of 
grains of magnetic iron-ore, and every where with small grains 
of platina, as well as of iridium and osmium, but not of pal- 
ladium. The strata repose directly on serpentine, and are evi- 
dently derived from it ; the red clay having had its origin from 
the rock itself, and the quartz from the quartz veins which 
traverse the serpentine in great numbers. This is in the 
district of Potlo (Piilo) Arij, where 150 Chinese wash out 
yeai'ly 750 tact of fiold,t whose value amounts to 45,000 Dutdi 
florins. 



Tlio odIj other pnrl or .Souflicrn Abu where this metal has beea n 
I niih ia Ara. 

1 A t.el is 2 ounces. 
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The diamond mines lie more to the north, but likewise on 
the west side of the Ratoos Mountains ; there, likewise, a red 
bed of clay stretches over the surface, 6 to 7 fathoms deep, and 
there is also a bed, one fathom deep, composed of quartz 
pebbles, and fragments of syenite and diorite ; more rarely 
a marl occurs, containing lecent shells (Ottrata cardiunt). 
In this deposit the diamonds are distributed, sometimes ac- 
companied by magnetic iron sand, by plates of gold and 
jdatina, and by small pieces of native iron. Tlie surest sign 
of the presence of diamonds is the occurrence of small pieces 
of black quartz, with disseminated iron-pyrites and platinai 
which are termed Batoe (Batu) TUnahan, or Saloe Farak 
Jalati. 

A considerable quantity of gold and platina is obtained 
along with the diamonds. In the districts of Goeuong (Gu- 
nong) Lawak, Tapaug, and Oedjong Mocrung (Udjong Mu- 
rong) alone, four thousand workmen are employed in the pro- 
cess of washing. 

The occurrence of platina in this district was made known 
in 1831 by Mr Hartmann, then the resident at Banjerraas- 
siug. Hitherto no advantage has been derived from his dis- 
covery, as the platina is thrown away as entirely useless. It 
is, however, cei'tain, that a tenth part of platina is washed out 
with the gold. The produce of Poelo Arij is 1000 tael of 
gold, and thus 100 tatil of platina are obtained ; and if we 
calculate the produce of the washings of tlie district in the 
mountains nearer the equator at four times as much, we have 
500 ta^l of platina washed out and cast away. Besides this, 
there is what is obtained and thrown away ou the west coast. 
According to Crawfurd (History of the Indian Archipelago, 
iii. p. 482j, the whole gold obtained in the Chinese colonies 
of Mandoor and iVlontrado, on the west coast of Borneo, is 
about 88,632 ounces, of which the tenth part, or about 8000 
ounces, or 4000 tai;l, are platina. We are probably imder 
the mark, when wc estimate the annual quantity of platina 
lost in Borneo at 5000 taci, or 10,000 ounces, that is, 625 
pounds. (From I'ogychdor^'' s A/inalen, 1842, No. 3.) 
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0» nmt Peculiar Changei in Ike fnlernal Structure of Iron, 
indepeitdent of, and subsequent to, the several Proeettea aj 
its Manu/aelife. By Chari.e> Hood, Esq., F.R.A.S., &c.' 

Thi hiiportiint puqjoscB to which iron ii applied have alvmys rendewd 
it a subject of peculiac iatecEsti and at no period hue its imparlance bND 
ao general and extensive ob at the present liine, when its application ii 
nlmost dnilj exteudiog, tuid there is scttrcely any thing connected nrilh 
the arts, to wliiclij either directly or indirectly, it does not in some de- 
gree contribute. My object in the present paper is to point out some 
yeculiiiriticB in the hnbiludes of iron, which appenr olmost wholly to have 
Mcapcd the attention of seientiSc raen ; nnd which, alchongli in some 
degree known to practical mechanics, have been gencraUy considered by 
tbem at isolated facts, and not regarded as the results of a general and 
important law, Tlie circumstances, however, well deserve ilie Eerious 
atteiition of scientific men, on account of the very important conseqnencr) 
to Tvhicb Ihey lead. Tlie two great distinctions wliieb eKist in mal- 
leable wrought iron, ere known by Ihe names of " red-short" and " cold- 
short" qualities. The former of these comprises the tough fibrous irnn, 
which generally possesses consldetablo strengtU when cold ; the littet 
shews a bright crygtalli;ied fracture, and ia very brittle when cold, bu' 
workfl ductile while hot. These ilistinotions are perfectly well known lo 
all those wlio are conversant with the qualities of iron ; but it is not 
generally known tluit there are several ways by which the tough red-ahal 
iron becomes rapidly converted into the crystallized, and by this c1isng« ( 
its strength is diuiioished to a very great extent. 

T!ie importance which attaches to this Gubject at the present tinr, 
will not, I think, be denied. The recent accident ou the Paris and Ver- 
sailles Eailway, by wliicli such a lamentable sacrifiec of human lift liU 
occurred, arose from the breaking of the aile of a locomotive engiotj 
and which axle ppeaenled at the fracltired parts the appearance of the 
largo cryslala, which always indicate cold-short and brittle iron. I believe 
there is no doubt, howcTcr, that this axle, although presenting such decidtd 
evidence of being at the time of this accident of the brittle cold-fliort 
quality, was at no distant period tough and tibrous in the highest d«^iM; 
and as the French government have deemed the tnattcr of sufficient N- 
portance to be inquired into by a special commission, I trust that hbic 
remarks on the subject will be interesting to the members of the Inititn- 
tion of Civil Engineeta. I propose, therefore, to shew how these extia- 
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ordiaarj BOd most impottsnt changes occur, and shall point owt some it 
least of the modes by which we can rIcmoDstrate the truth of this Msct- 
tion by actual experiment. 

The priucipal causes wliich proilucc this ehang'e arc percussion, hent, 
and magnetism ; and it is doubtful whelliet eitlier of these means per «e 
will produce this clFect ; and there appear strong reasons for tupposiiif I 
that, generally, they ate all in some degree concerned in the production i 
of the oliserved results. 

The most common exemplification of the cITiiCt of heat in ciystallbing 
fibrous iron, is by breaking a wrought iron furnace bar, which, whatever 
quality it was of in the first instance, will, in a short time, invariably be 
converted into crystallized iron ; and by hcatinji', and rapidly cooling by 
quenching with water a few times, any piece of wrought iron, tlie sama 
effect may be far more speedily produced. 

In these cases we hace at least two of the above causes in operation — ■ 
heat and magnetism. In every instance of healing iron to a very high 
temperature, it undergoes a change in its electric or magnetic condition ) ] 
for, at very high temperatures, iron entirely loses its magnetic powers, which 
return, as it gradually cools to a lower temperature. In the case 
quenching the heated iron with water, we have a still more decisive (is- 
sistance from the electric and magnetic forces ; for Sir Humphry Dary 
long since pointed out* that all cases of vaporization produced ncgativa 
electricity in the bodies in contact with tlie vapour ; a fact which has 
lately excited a good deal of attention, in consequence of the discovery 
of large quantities of negative electricity in efBuont steam. 

These results, however, are practiciilly of but little consequence ; but 
the effects of percussion arc at once various, extensive, and of high im- 
portance. We shall (race these elTecls under several different ciicum- 
Btances. 

In the manufacture of some descriptions of hammered iron, the bar is 
first rolled into shape, and then one-half the length of the bar is heated 
in a furnace, and immediately taken to the tilt-liammer and hammered ; 
and the other end of the tmr is then heated and hammered in the sania 
manner. In order to avoid any unevcnness in llie bar, or any difiereneo 
in its colour, where the two distinct operations have terminated, Ilia 
workman frequently gives the bar a few blows with the hammer on lliut 
part which he first operated upon. That part of the bar has, however, 
by this time become comparatively cold ; and if this cooliug process has 
proceeded too far when it receives this additional hammering, that part iif 
the bar immediately becomes crystallised, and so extremely brittle that it 
will break to pieces by merely throwing it on the ground, though dl tha 
test of the bar will exhibit the beat and toughest quality imaginable. 
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TtiU change, therefore, has been produced by percUEiioii (as Ihe priinu} 
a^TCTt), vrhen (he bar is at s lower terapcralurc th&n a welding heat. 

We here Bee the effects of percuseioD in a very instructive fonn. And 
it miut bo observed that it ia not tJie excess of hammering which prodacef 
the effect, but the absence of a sufficient degtcc of iicat at tbo time thf 
bumnecing lakes place ; and the eTil may probably be all produced b; 
(our or five blows of the liammer, if the bar happens to be of a small iuiCi 
In Ibis case v>e viitness the combined cScctsof percussion, heat, and luag' 
netism. When ibe bar is liamniered at ilie proper temperature, no hucIi 
ctystallizatioD takes place, because tlie bar is iusensible to magnetismj 
Bui as soon as the bar becomes of tlinl lower degree of temperotuie al 
which it can be affected by magnetism, the effect of the blows it recetvei 
is to produce magnetic induction, and that magnetic induction and conse- 
quent polarity of its particles, when assisted by further vibrations iioiii 
additional percussion, produces a erystallized textnre. For it is perfectly 
well known that in soft iron, magnetism can be ulmost instantaneous! j 
prodnced by percussion, and it is probable that the higher the tempera-' 
lure of the bar at the time it receives the maguetism, the more likely will 
it be to allow of that rc-arrangement of its molecules which would con- 
stitute the crystallization of the iron. 

It is not difficult lo produce tbe same effects by repeated blows from a 
liand-haramcr on smidl bars of iron ; but it appears to depend upon some- 
thing peculiar in tlie blow, which to produce the effect must occasion a 
complete vibration among tlie particles in the oeigbbourboed of the part 
which is struck. And it is remarkable that the effects of the blows in all 
cases seem to be confined within certain limited distances of the spot wliich 
receives the strokes. Mr Charles Manby has meiilluned to me a circum- 
stance which fully bears out this statemeut. In the machine used Sai 
blowing air at the Beaufort Iron Works, the piston-rod of tbe blowing 
cylinder, for a considerable time, had a very disagreeable jar in its motion, 
the cause of which could not be discovered. At last the piston-rod broke 
off quite short, and close to (be piston; and it was then discovered that 
the key had not properly fas(encd the piston and the rod together. Tbe 
rod at the fracture presented a very erystalliaed texture ; and as it was 
known to have been made from the very best iron, it excited considerable 
surprise. The rod was then cut at a short dbtance from thq,fracture, 
aud it was found to be tougb and fibrous in a very high degree i shewing 
what I have already pointed out, that the effects of percussion generally 
extend only a very short distance. In fact, we niiglit naturally expect, 
that, 03 the eflect of vibration diminishes in proportion to tlie distance from 
the stroke which produces it, so (lie cryslallizattonj if produced by this 
means, would also diminish in the same proportion. Tlie effect of mag- 
netism alone may also be estimated from this circumstance. The rod 
wonldof course be magnetic throughout its whole length ; this being a 
necessary eonsequenee of its position, independent of other ciicum- 
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stances ; but llie necessary force of vibration among its particles only ex- 
tended fot a sliort distnnce, end to tliat extent only did tlic crysUllizalion 
proceed. The tScci of magnetism in assisting the crystallization, I iliink it 
unnecessary to dwell upon, as the extensive use of- galvanic eoicents in 
modem times has fully proved their power in crystallizing some of the 
most refractory substances; but by themselves they ato unable to pradues 
these eSbcts on iron, or at least the operation must beeKticmcly slour. 

Another circumstance which occurred under Mr Jfanby's observation, 
confirms generally the preceding opinions. A small bar of good tough 
iron was suspended and struck continuously with small hand-tiamraeis, 
t<> keep up a constant vibration. Tlic bar, after the experiment had been 
continued for some considerable time, became so extremely brittle, lliat 
it entirely fell to pieces under tlie light blows of the hand-liamraers, pre- ■ 
senting throughout its structure a highly crystallized appearance. 

The fracture of the axles of road-vehicles of all kinds is another in- 
stance of the same kind. I have at different times examined many 
broken aslcs of common road-vehicles, and I never met with one 
which did not present a crystallized fracture ; while it is almost cer- 
tain that tliis could not have been the original character of the iron, 
as they have frequently been used for years with much heavier loads, 
and at last have broken withont any apparent cause, with lighter 
burdens and less strain than they have formerly borne. The ef- 
fects, however, on the axles of road-vehicles are generally citremely 
■low, arising, I apprehend, from the fact that, although they n 
great amount of vibration, they possess a very small amount of magnet- 
ism, and are not subject to a high temperature. The degree of magnet- 
ism they receive must bo extremely small, from their position and con- 
stant change with regard to the magnetic meridian, the absence of 
rotation, and their insulation by the wood-spokes of the wheels. Whether 
the effects are equally slow with iron-wheels used on common roods, may 
perhaps admit of some question. With railway-axles, however, the c. 
is very different. In every instance of a fractured railway-axle, the iron 
has presented the same crystallized appearance ; but this effect, I think, 
wo shall End is likely to be produced far more rapidly than we might at 
first expect, as these axles are subject to other influences, which, if the 
theory here stated be correct, must greatly diminish the time required to 
produce the change in some other eases. Unlike other axles, those used 
on railways rotate with the wheels, and consequently must become, dur- 
ing rotation, highly magnetic. Messrs Barlow and Christie ^ 
first to demonstrate the magnetism by rotation produced in iron, which 
was afterwards extended by Messrs Hcrschel and Babbage to other 
metals generally, in verifying some experiments by M. Arago. It can- 
not, I think, be doubted, that all railway-axles become from this ci 
highly magnetic during the time they are in motion, though they may 
not retain the magnetism petmanenily. But in the axles of locomotive 
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engines, we Imve yd nnotlier cnuse which may tend to iocreuse the ef- 
fect. The vaporirntion of water and the effluence of steam Imvo alreadj 
been Slated to produce large quantities of negative electricity in t!i( 
bodies in contact with the vapour; and Dr Ure has shewn,* that nega- 
tive electricity, in all orditidry cases of crystallization, instantly detcr- 
InineE the crystalline nrtangcincnt. This, of eoursc, must alTect a body 
of Iron in a different degree to that of ordinary esses of crystallization ; 
but BiiU we see that tliu eflects of these various causes all tend in one [di- 
rection, producing a more rapid change in the internal structure of the 
iron of the axle of a locomotive engine, than occurs in almost any otliei 

Dc Wollaston first pointed out that the forms io which uativo iron a 
disposed to hicab, are those of the cegiilnc octahedron and tetrahedron, 
or rhomboid, consisting of these forms combined. The tough and Gbrwu 
chancier of wrought iron is entirely produced by nrt; and we see in 
theee changes that have been described, ao effort at returning to the m- 
turuland primal form ; tlie crystalline structure, in fact, being the natuiiil 
slate of a large number of the metals ; and Sic Humphrey Davy has shewn 
that all those which arc fusible by ordinary means assume the fonn of 
regular crystals bj- slow cooling. 

The general conclusion to which these remarks lead us, appears, I 
Lbink, to leave no doubt that there is ;i constant tendency in wrougll 
Iron, under certain circumstances, to return to tlic crystallized state ,' but 
that this crystallization is not necessarily dependent upon time for itsde- 
velopment, but is detennlned solely by other circumstances, of which tilt 
principal is undoubtedly vibration. Htiit, within certain linaits, tbon^ 
greatly assisting the rapidity of the change, is certainly not essentiBl te 
it ; hut magnetism, indoeed either by percussion or otherwise, is an estKli- 
lial accompaniment of the phenomena attending the change. 

At a recent sitting of the Academy of Scienees at Paris, M, BosqnlDea 
made some remarks relative to the causes of the breaking of As sib 
on the Veisailles railroad ; and he appears to consider that this cryilil- 
lization was the joint effect of time and vibration, or rather, that tbli 
change only occurs after a certain period of time. From what has here 
been said, it will be apparent that a fixed duration of time is not an es- 
sential element in the operation ; that the change, under certain circum- 
stances, may take place instantaneously; and that an axle may become 
crystallized in an extremely short period of time, provided that vibrations 
ofsufRcicut force and magnitude be communicated to it. This cireum- 
stanCG would point oul the necessity for preventing as much as possible 
all jar and pereussion on railwaj'-axlcs. No doubt one of (he great faults 
of both engines and carriages of every description— but particularly Ibe 
latter— is their possessing far too much rigidity ; thus increasing ihe 

■ Journal of Seionce, vol, t. p. 106. 
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force of every blow produced by the numerous causes incklentul to rail- 
Way transit ; by causing tlie wliole weight of tbe entire body in motion, 
Jo ut by its momentum in oonsequenco of tbe poifect rigidity of the 
several parts and the manner of their connection witji eoch otlier, instead 
of such a degree oF elasticity us would render the different parts nearly 
independent of oue another, in the case of Budden jerks or blows; and 
which rigidity must produce very great mischief both to the road and to 
the machinery moving upon iC Tbe looseness of the axles In their brasses 
must also be another cause which would greatly increase this evil. 

Although I have maro particularly alluded to the change in the intei- 
jial structure of iron with reference to the effects on rail way- axles, it need 
scarcely be observed that the sunie remarks would ripply to n vast number 
□f other cases, where iruu, from being more or less exposed to similar 
causes of action, must be similarly acted upon. The case of ruilwny-axlca 
appears to be of peculiar and pressing importanci;, well deserving (he 
roost serious consideration of scientiiic men, and particularly deserving 
the attention of those connected with railways, or othcrways engaged in 
the manuiacture of railway-machiucrj', who have the means of testing the 
accuracy of the theory here proposed. For if the views I have stated be 
found to harmonize with the deductions of science, and to coincide with 
the results of experience, they may have a very important effect upon 
public safety. It may be observed, on tbe other hand, however, that at 
the present time all railwoy-ailcs arc made infinitely stronger than would 
be necessary for resisting any force they would have to sustain in pro- 
ducing fracture, provided the iron were of tlie btst quality ; and to this 
circumstance may perhaps be attributed the comparative freedom from 
serious accidents by broken axles. The necessity for resistiug flexure 
and the effects of torsion, are reasons why ruilway-axles never can be 
made of such dimensions only as would resist simpla fracture i but it 
would be very desirable to possess somo accurate experiments on (ho 
strength of wrought iron in different stages of its crystallization, as tliure 
can be no doubt that very great differences exist in this respect, and it is 
probable that in most cases, wheD the crystallization has once commenced, 
the continuance of the same causes which first produced it goes on con- 
tinually increasing it, and thereby further reduces the cohesive strength 
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leveral samples of broken railway-ailea accompanied this paper, and 
exhibited at the meeting. In some of them tbe same axle was 
broken in different places, and shewed that where Iho greatest iimount of 
percussion had been received, tbe crystalljiation of the iron was far more 
iXtensivB than in those parts where the percussion had been less.} 
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On a Vt-arrtutgement of the Molecules of a Body fifter SoUdi^ 
cation. By Roiieut Warinqton, Esq.* 



D Intclj to prepare Gome alloja of lead for (tie poipoH 
of lecture-iltustnition, I was much surprised at aa alteration ttikiD^ place 
in tlie arrangement of tlic particles of one of these atlojs, as sheim b; 
the appearaiieo of the sucfaees of fracture, after the metal hnd assumed 
(lie solid form. The alloy experimented od was that known as Newton't 
fusible metal, eomposed of Q parts of bigmnth, G of lend, and 3 of tin. On 
pouring this alloy, in the melted state, on a marble slab, and breaking it 
IIS soon as solid, and when it may be readily hondlodj (he eiposed sur- 
faces were found to eihibit a bright, smooth, or eonchoidal metallic ap- 
pcaraneo, ofa tin white lustre; and the act of dLyunction at ono part 
will, freijuenlly, cause the whole to fly into a number of fragments, ana- 
logous to the breaking a piece of unannealed glass, 

Tlio metal after this becomes eo hot as to bum the fingers if taken up ; 
and when this evolution of heat huS ceased, the alloy will be found la 
have entirely altered its characters, having lost Its extreme brittlencK, 
requiring to be bent to and fro several times before it will break, and 
presenting on fracture a fine granular or crystallino surface of a dart 
colour and dull earthy aspect. Similar phenomena accompany the cast' 
ing of the fusible alloy of V. Rose, composed of 2 parts of bismuth, 1 of 
lead, and 1 of tin. 

The feet of the evolution of heat from the alloy of Newton, and its 
cause, are thus noticed by Berzeliua in his TraiU de Chimie: — "If tbis 
alloy !6 plunged into cold water, and quickly withdrawn and taken Id 
the hand, it becomes sitlGeietitly hot, after a fen moments, to bum th» 
fingers. The cause of this phenomenon is, that during the solidification 
and crystallization of the internal parti, the latent heat of these ig set 
free, and communicates itself to the surface before the fixing and cool- 
ing." The alteration in the internal arrangement oF the particles, as 
proved by the surfaces of fracture, is not however noticed, and the ex- 
planation is defective, as it supposes the interior not to have assumed the 
solid state until the evolution ofthe heat occurs. Ifsueh were the ease, it 
would be seen on breaking it in the first instance. The phenomena can 
only be accounted for by admitting a certain degree of mobility omoog 
(he particles, and that a second molecular arrangement takes place after 
Ihe metal has solidified. This may arise from their not having assumed, 
in the first slate, that direction in which their cohesion was the strongest. 

Tliat a very marked and extraordinary alteration in the characters and 



* CommuDicu-ted by Ihe Chemical Society ; havlagbaan read Juiiiai7 4.— ptil. 
S. S. 3, vol. II, yo. 134 ; Supp]. July 1813. 



0« a New Method of Illuminating Church Checks. 293 

prapprties of T»r!oiw siihslances arises entirely from this cLan^ in the 
position of Iheir <!oinponent particles, efiteted eilhen by the coniinHnica- 
tioa or abstraction of heat after solidification] there can be no doubt. 
And tiiesB clianges are applied to many very important purposes in the 
arts and manu&eturca — such as the hardening and tempering of steel, 
the rolling of commercial zinc, and rendering that metal permanently 
inalleable, the annealing of glasp, and a variety of otber iises, particularly 
in crystallization, which might be adduced. 

The following experiments were made to ascertain to what extent the 
emlssionof latent heat takes place. The meltedalloy was poured, in a per- 
fectly fluid state, on a bulb of a thermometer, placed in a email platinum 
cruelble, having a capacity equal to about TO grain measures of water, and 
standing in a vessel of cold water or mercury. Tlje thermometer, sur- 
rounded by the solidified metiil and crucible, wns removedfrom the cool- 
ing medium before it had reached its stationary pointj and the greatest 
decrease of temperature noted. The heat then rose rapidly again, and 
the maximum effect was registered. The fusing point of the alloy was 
802° Fahrenheit, and the following results were obtained:— 
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So that in four out of the eight trials, a difference of 60° Falireulieit 
was rendered apparent. 

In a platinum crucible of larger size, the effects were not so nDarked, 
34° Fahrenheit being the greatest difference obtained ; this of course 
would arise from (lie greater bulk of the melted metal not exposing com- 
paratively so large a surface to the cooling medium. 



On a New Me/hod of IKuminating Church Clockg, By Mr R. 
Brtson, Edinburgh, (Ct)mraunicated by the Royal Scot- 
tish Society of Arts.*) 

The usual methoJs employed in tlie illuminating of church 
clocks at night have hitherto been liable, /«(, to the objectioa 

^_ ''Rend before the Koynl Scottish Society of Arts ! 2d Nor. IB41. 
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of coD&iilerable expense in fitting up tbe self-acting machinery 
for lighting and extinguishing the gas, and, second, to the in' 
diatinctness of the figures at night. To obviate these, I pro- 
pose the following plan, ivhich appears to offer several advao- 
"««■■ Fi8.1. 
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The method now in use is illustrated by fig. 1. The wheeia 
marked 42 and 48 are the usual motion-wheels used in every 
clock for the purpose of connecting the hands. An additional 
pinion of twelve is put on the wheel of 42 to turn the wheel 
96. This wheel has thirteen pins, one hour's motion apart, 
which raise the lever /, and allow it to fall when the pins have 
passed. During the time the lever is up (as shewn by the 
dotted lines}, its opposite end m, by means of the connecting 
rod n, keeps the lever o of the gae-eock p down, and thus 
nearly closes it, allowing the passage of just enough of gas to 
keep the burners at n blue flame. 

When the weight I drops, the handle o is raised, and opens 
the stop-cock p to its full extent, and the dial is thus illumi' 
Dated. 

Pig, S is the method proposed as simpler, and acting with 
much less friction on tho clock, r r are the two motion- 
wheels; h is the hour-wheel of 48 teeth, driving the large 
wheel W W of 96, round the circumference of which art 
placed a series of holes, screwed to fit two pins with milled 
heads, one of which is represented at D. II we two le- 
vers, both attached to the stop-cock C ; L L arc portions 
of the two leading pipes which communicate with the burners, 
pppp are the 4 pillars on which the plate is supported for 
he pivots of the motion-wheels r r working in. A B is a 
trong wooden frame to which all the apparatus is attached. 
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Tlie hoiu'-wheel h, wliich makes two revolutions in the tH'enty- 
four hours, having 48 teetli acting into the large wheel \V W, 
it consequently revolves once in tlie same period in a direc- 
tion from left to right. When the pin D arrives at the in- 
clined part of the right hand lever /, it moves it into the po- 
sition represented by the dotted line marked ( (accented) when 
its further progress is stopped by a pin fixed to the frame A B, 




This motion turns the stop-cock C, and lowers the gas at the 
burners to a small blue flame, which is done at sunrise. The 
pin D, which has just acted, is placed on the inner side of the 
wheel W W, as is also the right hand lever /. Suppose the 
other pin to be at the position indicated by the lower W, and 
moving up to left hand lever ^ (accented), it will then be moved 
into the position shewn at the extreme left. As the d 
lengthens, the pins are gradually removed from each other, to 
allow them to act at sliorter intervals, and brought nearer as 
darkness increases. Thus, on the longest day, the pins are 
at their maximum distance, so that tlie interval between their 
acting is only three hours ; while, on the shortest day, they 
are at their minimum, and the interval is sixteen houre. The 
altering of these pins gives very little trouble, as one has Only 
to be changed to the next hole every fortnight. 

The friction is so very small, that an ounee weight placed 
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at the extreme end of either lever, is sufficient to shift the 
stop-cock, and the time which elapses from tlie first contact 
with the lever until it has performed its office, is only tm 
minutes ; so that the friction on the clock only extends over 
twenty minutes durin^j the twenty-four hours, while, in the 
old method, fig. 1, the lever I is exerting a much greater fric- 
tion during the whole continuance of daylight 

The method which I have employed in constructing tlie 
dials, although no cheaper than those hitherto in use, possesses 
the advantages of greater distinctness, and remaining much 
hunger clean. Each dial is formed of two discs of plate-glass, 
on the outmost sheet, hut on its inner surface, are painted tlie 
hours and minutes in black japan. A thin coating of white 
japan, very finely levigated, is then laid over all, wliich gives 
the dial the appearance of Bisque porcelain when illuminated, 
and appears during day as if it were formed of glazed porce- 
lain. The inner disc is then placed in contact with the outer, 
and both fixed in their proper position. 

This method saves the great expense of the building system, 
although the sheets of glass arc nearly as expensive ; hut it 
keeps the dial clean ; the figures in the old method being mad? 
of east brass or lead, and raised externally, become receptacles 
for dust, which each successive shower spreads over the trans- 
lucent surface, to the evident detriment of its usefulness. 

Oh the Mechanical Arts of Fersia. By James Robebtsoh, 
Esq., Civil and Mining Engineer, Edinburgh, late in the 
service of the Shall of Persia. Communicated by the Royal 
Scottish Society of Arts. With a Plate.* 
Although, perhaps, there is little to be gained in a practi- 
cal point of view from a description of tlie Persian arts, it maj' 
still be interesting to contrast our own highly improved nw 
nufactures with those of less advanced countries. 

Carpentry. — The art of carpentry, as tuiderstood in thi* 

*Thepapei-B, ofivhich Uiis ia an abstract, wore rend before the Bojil 
Scotlish 8ociel}r of At(b an Utli Bee, 1840, 8U> March 1841, and 28tli F«>>- 
uiry 1649. 
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eountry, can scarcely be said to exist in Persia, the greatest 
efforts in this department being there confined to the cosr^ 
stniction of flat roofs of inconijiderable span ; and thb might 
be expected, from the circumstance of timber being there ex- 
ceedbgly scarce, 

For forming roofs a species of pojilar b generally employed, 
tut for other pui-poses, oak, chesnut, plane, and the other 
kinds of hardwood are used- TJie hard timber, as sold in the 
bazaai'S, is all of small scantling, as it has to be brought from 
the forest on the backs of mules or camels. 

In accordance with the invariable custom of all Eastern 
artizans, the carpenter sits upon the ground while at work. 
Instead of a bench, a strong stake is driven down before him, 
leaving about 10 inches above the ground, and upon this he 
rests his work, and keeps it steady with his feet. The facility 
with which the work is executed, in such a disadvantageous 
position, has always been a subject of surprise to European 
workmen. In the royal arst'uals, however, English tools are 
used, and a better system of working has been introduced, 
under the superintendence of British officers ; but in the na- 
tive workshops, the workmen are still to be seen squatted on 
the ground ; and, when it is considered that they have been 
accustomed to this position from their inftincy, and that their 
tools are of such a nature as to act with efficiency when used 
in this way, it is scai*eely to be expected that any alteration 
ill their mode of working could be effected by mere example. 

The principal tools are the Frame-saw, Plate V., fig. 1. Thia 
is somewhat like the English pit-saw, but less in size, and it 
is used by drawing backwards and forwards ; the timber be- 
ing supported at one end. Hand-saw, fig. 2. The board to 
be cut up is placed against tlie stake already noticed, and kept 
steady with the foot ; and as the teeth point backwards to- 
wards the handle, tlie weight of the body assists in giving ef- 
fect to the instrument. These saws are thin and light, as they 
have not to resist a thrust like om-e. 

Adze, fig. 3. This is a most useful tool, and I have noticed 
English workmen in Persia using it in preference to the axe 
or paring-chissel for light work, 
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Flaaes. figs. 4, 6, 0, 7. As these plane-irons liave no coven 
\he planes are used across the grain of tlie wood. 

Hammer, fij^. 8. 

Nail, fig. 9. Instead of a head, part of the thick end is bes 
out thin, and this is turned over with the hammer as the ii4 
is driven down. 

Bow and Drill, ti^. 10. This is a good instrument, and i 
1 brad-awl, gimblet, and brace and bit. .^H 

To this list many smaller tools might be added, ^^| 

Smifhicor/c. — A-s the work on which the Persian blacksmitl 
have to exert their skill is usually small, their toolR are ligl 
anil simple. The iron generally used is of Russian manil&i 
tiire, which is brought from tbe ports on the Caspian Se« o 
the backs of mules. In tbe northern parts of Persia, ma 
leable iron is manufactured directly from the ore ; and th, 
description of iron has been long esteemed for making exce. 
lent horse-shoes, and horse-shoe nails. 

A short time since I described this manufacture in a con 
munication to the Royal Society ; and as tbe paper has bee 
published in their Transactions, any farther notice of the pn 
cesa is here unnecessary. 

As coal is almost unknown in Persia, the fiiel used by tl 
smiths is entirely charcoal prepared from bard wood. Th 
smiths stand when the work requires to be heated, but i 
finishing, or making small articles, they sit on the ground. 

The hearth is a small platform, without a chimney, haviii 
a low wall on one aide, to prevent the bellows being injure 
by the heat. 

Bellows, figs. 11, 12, 13. The bellows are double, and till 
two nozzles enter the twjTe together. They are worked t 
a man, who stands between the handles, and by bis pushin 
forward and drawing back the handles alternately a stead 
blast is produced. 

Anvil, tig. 14. For small work, a rectangular piece of iro 
is often used. 

Hammers, fig. 15. 

Tongs, fig. 16. 

Drill, fig. 17. This instrament is sometimes made of wooi 
and sometimes of iron, ami \v<irks reuiarkabiv well, notwitl 
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standing its quick motion: it is worked by depressing the" 
small bar, which reascends at every stroke. A similar instru- 
ment of smaller size is used in this country in die-sinking. 

Horse shoes are made thin and light, with a sharp project- 
ing edge on the outside of the lower rim ; tliis projection, and 
the large heads of the shoe-nails, enable the lioraes and mules 
to keep their feet on smooth rocks or ice. As the greater 
part of the lioof is protected by the shoe, the foot is not easily 
injured by sharp rocks; and the small hole in the centre of 
the shoe enables the animal to lay hold of the sharp projec- 
tions met with in steep and otherwise impassable tracks, so 
that the horses shod in this way can climb and descend steep 
rocky paths with the greatest safety and speed. Sometimes 
a piece of felt is placed between the shoo and the hoof. 

Turning in mood. — This operation is performed by a car- 
penter while sitting on the ground. Two stakes are drivea 
down before him, a short distance apart, and an iron spindle, 
with a small drum attached, revolves between them, The 
spindle is passed through the wood which is to be turned, and 
with the assistance of a bow and string passed round the drum, 
the spindle is made to revolve rapidly. The bow is worked 
backwards and forwards by the left hand, while the right holds 
the cutting-tool supported on a block of wood. 

Turning in metal is almost unknown. 

Stone-eutling. — As the buildings are generally made of clay 
or brick, stone-cutting is little practised in Persia. Grave- 
stones, millstones, and a few other articles, therefore, embrace 
the whole of the works of this description. When the work 
admits of it, the stone-cutters sit upon the ground- The prin- 
cipal tools are, small double -pointed picks, and mason irons 
resembling large nails, some pointed, and some chisel -shaped. 
With these tools the stone-cutters work very slowly, and it is 
only after immense labour that they succeed in bringing a hai-d 
stone to the required form. 

For boring in stone, the instrument is an iron rod steeled 
at the end, but instead of a chisel point the end is cut flat off. 
Two parallel regular grooves are cut deep across this face, 
and these are intersected by three others at right angles, thua j 
diving the end of the rod into twelve com^rt,Yftexv\a. ^Vataj 1 
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boring, the hole is kept full of water, and while the rod i: 
turned round gradually with tiie left hand, the blows ari 
struck by a small liainmer held in the right. This method o 
boring is very tedious. 

It has just been noticed that one of the principal employ 
ments of these stone-cutters is the formation of millstones 
and perhaps a few remarks on Persian mills may not be ou 
of place here. 

There are two descriptions of corn-mills, the hand-mi)! ani: 
the water-mill. The first is composed of two small circulai 
stones, which are kept together by a peg in the centre of th< 
lower stone, which passes through a large opening in the uppei 
one ; the grain is fed in at this opening, and while the uppei 
stone is turned round by means of a small peg on its rim, the 
flour is thrown out at the edges. 

For moving the large stone of the water-mill a considerable 
fall is required. A hollow tree is placed in a sloping position, 
from the end of the lead, and the confined water, in rushing 
from the lower orifice, acts upon the oblique and narrow float- 
boards of a horizontal wheel, about five or six feet in diameter. 
A perpendicular iron spindle passes from tlie water-wheel 
through the lower stone, and gives motion to the upper one, 
without any intermediate machinery. These mills are placed 
on the slopes of hills when water can be commanded ; and as 
they arc generally protected by a fortified tower, and sur- 
rounded by a luxuriant grove of tall poplars, they form a pleas- 
ing feature of the landscape on approaching a Persian village. 

Method of Procuring Water. — As rain seldom falls i a Persia, 
the farmei-s have reconrse to irrigation for watering their 
fields. The water used in this process is procured either by 
means of cuts from the rivers in the vicinity, or more rarely 
by a system of subterranean canals, which draw off the water 
from tlie high grounds. From a want of concert among the 
inhabitants, the water-courses arc seldom carried to any dis- 
tance ; so that immense plains of the richest alluvial soil are 
met with alongst the banks of most rivers, which, by a little 
capital and skill, could be made capable of yielding the richest 
crops, but which at present afford only a transient pasto) 
f<- " «rds of thf wandering Ccnrils ; this is more [ 
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larly the ease when Ihe rivers afford little fall in thei 
as the limited capital of the people prcclades any attempt tQ 
conduct a canal along an extended district, or the erection of 
machinery to raise the water even to an inconsiderable height. 
As far as I know, the celebrated Persian wheel is now un- 
known in the country from which it derived its name ; nor is 
there any hope of foreigners introducing a better system 
where property is so insecure. It must he admitted, however, 
that the inhabitants shew no want of ingenuity or enterprize, 
when they see clearly the advantages of any undertaking 
suited to their limited means, and this is strikingly displayed 
in their mode of procuring water in the populous districts. 
They sink a series of small shallow shafts in the thick alluvial 
clay, and connect the pits by means of small mines or levels. 
A subterranean canal is carried in this way from the flat 
ground till it meet the slope of the surrounding hills. At this 
point a cross mine is driven along the face of the hard strata, 
and numerous small openings are made into the rock, wherever 
the water makes its appeai'ance. Very considerable streams 
ai-e often procured in this way, which gush from their hidden 
sources in a profuse current, after travelling several miles 
below ground, protected in their course by the clay cover from 
being evaporated by the overpowering heat of the sun. In 
travelling through the plains of Persia, immense rows of small 
hillot^ks may every where be seen, marking the position of 
these pits and the lines of the old canals, in districts now 
quite deserted ; and these at once shew the extent to which 
thb system had at one time been carried, and the wretched- 
ness to which the country has now been reduced. 

Brick-Making. — A level space of ground having been se- 
lected, near a stream of water, the grass and vegetable soils 
are carefully removed. The ground is then broken at one 
extremity of the prepared platform, and the easily pulverized 
clay is carefully passed through a small meshod riddle, and 
placed in the hollow, svhile the stones and roots are thrown 
behind. When a sufficient quantity of riddled clay has been 
collected, a small stream of water isallowed to How into the 
hollow, and the mass is brought to a proper consistency by 
treading. The prepared clay is now deposited in differeut 
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small heaps upon tlio floor, which has been previously spread 
with iinoly riddled earth. The moulds are formed of thin 
wood, withuut iTiiy of those projections or handles which are 
seen in this country. For the comraon-siKed brick, the mould 
18 formed nhout 9 inches square and Ij inch deep ; but larger 
bricks are sometimes required, for paiiug courts and coping 
walls, for which another mould is necessary. 

The mould is placed on tlie ground, and the brichmaker 
takes a ]»nrt of the clay in his hands, and places it loosely in 
the mould, lie then dips his hands in water and throws a little 
of it around the inside of the mould, to prevent the clay from 
adhering to the wood. By a peculiar action of the bands the 
clay is then drawn from the middle and pressed firmly into 
the corners and round the sides of the mould, and the whole 
is afterwards levelled over, by a dexterous diagonal stroke of 
the right hand. The mould is now lifted off the brick, and 
placed to the right-hand side, close to, and in the same line 
with, the brick already formed, and it is again filled up in the 
same way. Thus ho proceeds, frequently washing the mould 
in water, till a straight line of bricks has been laid down, of 
many yards hi length ; a second line is then commenced, ex- 
actly the thickness of the mould from the first, and the wholo 
ground is finally covered with closely arranged rows of bricks. 
In two days or more, when the level space has been 
covered, the first made bricks become sufficiently dried to be 
handled, and the brickmaker now proceeds to place them 
upon edge, in lines ; in a day they are sufficiently hard to ho 
removed, and are then carried to a convenient spot, where 
they are built up edgeways in the form of a wall, one brick in 
thickness, with small openings between them, for the circula- 
tion of air. Whenever 20,000 or 30,000 have been collected, 
they are removed to the kiln, to be burned ; or if sun-dried 
bricks only be required, they are now ready for use. 

As coal is almost unknown in Persia, the brickmaker has 
recourse to a kiln of singular construction, well suited to the 
fuel he has most at command. To those unacquainted with 
Eastern economy, it may appear surprising that the fuel used 
by the lower classes, and even by persons in afiiueut circum- 
stances, 18 formed of the refuse of the stable and cow-boiin 



Mr Robertson on tho Mechanical Arte of Persia, 303 

As this substance, however, emits little flame, the brick-kiln 
has to be supplied with withered plants and bushes, which 
are collected in abundance on the hills, whose strong though 
transient flames ascend through the interstices of the closely 
packed bricks. 

The brick-kiln may be shortly described as a small vault, 
dug out of the ground, and surrounded by a wall of sun-dried 
brick, having a door-way at each end for receiving the fuel. 
It is closely covered by a series of very narrow arches, the 
top of which forms the floor on which the bricks are placed ; 
and this again is surrounded by a brick wall, with door-ways 
for putting in and removing the bricks. See fig. 18. 

The bricks are arranged on edge in the kiln, and the door- 
ways are built up. A regular supply of fuel is kept up, by 
the two lower doors, until the required quantity has been con- 
sumed. During the first two or three hours, clouds of white 
vapour ascend from the top of the kiln. When this appear- 
ance has ceased, and thick volumes of dark smoke begin to 
arise, two or three layers of unburnt bricks are laid flatways 
over the top of the kiln. In about twelve hours the whole of 
the fuel has been thrown into the vault, and the two feeding 
door-ways are built up. The kiln is allowed to remain in this 
state for two or three days, and, when perfectly cool, the 
burnt bricks are removed for use. 

The bricks, when well prepared, are of a fine red colour, 
and of considerable hardness ; but, from the mode of manu- 
facture, one side is always exceedingly rough and uneven, but 
this is no disadvantage, as the joints in buildings are seldom 
less than one inch and a half thick. 

It may become a question whether the method above de- 
scribed might not be successfully imitated in our own country, 
particularly in those inland and secluded districts where coal 
is dear, and yet where a demand exists for tiles and bricks for 
agricultural and other purposes. 

It is difficult to compare the Persian process with our own, 
but it may be noticed, that, in this country, a workman can 
mould about 700 paving tiles in a day, of exactly the same 
dimensions as the Persian bricks, but then the clay is prepared 
by machinery, and the moist tiles are removed by other hands. 
The price of these tiles, when made of common clay, is L.5 
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per 1000. A Persian will prepare the clay and make about 
2000 per day, and the selling price is only 98. per 1000 ; but 
it need scarcely be remarked that the bricks are of very infe- 
rior workmanship. 




lAme-bummg. — The kiln is constructed in the following 
manner. A circular excavation, of abont ten feet diameter, 
and six feet deep, is made in the ground in a dry situaUon, 
and a sloping patli«'ay cut down to the bottom on one side. 
A circular wall of rubble stone, two feet in thickness, \% then 
built round the interior of the excavation. At five feet from 
the foundation, a scarcement of six inches is left in the inside, 
and the wall, thus diminished, is carried up six feet higher. 
A small door-way is left opposite the [lath, and another small 
opening immediately above it. A narrow door-way is also left 
in tho upper part of the wall, but on the opposite side. See 
fig, 10. 

In charging a kiln of this description a layer of limestone 
is first laid all round the scarcement, each piece projecting a 
little inwards, and these are firmly packed and wedged to- 
gether. A second layer, of larger pieces, b then laid over the 
first, which also projects inward beyond the first course ; a 
series of similar courses succeed, each being of less diameter 
than the preceding, the whole forming a dome-shaped ceiling 
of limestone, which is closed by a single stone at the top. 
Great attention is required, during the filling up, that the 
larger masses of limestone may be laid lowest and nearest the 
centre, and the smaller pieces towards the wall and upper 
part of the kiln. The door-way, in the upper part of the wall, 
is now built up, and a conical hill of chips thrown on the top 
of the broken limestone, in the kiln, and it is now ready for 
being lighted. A snfticient quantity of furze or withered 
bushes having been collected, near the kiln, the workman 
throws gradually, through the feeding aperture, so many loads 
of fuel as he judges necessary, to calcine the limestone. AVheu 
the white vapour and smoke disappear, then a quantity of 
lime-riddling, ashes, or other refuse, is spread over the top of 
the kiln, and the feeding door-way built up. The kiln re- 
mains in this state for two or three days, and is then emptied 
by opening the upper door-way, and removing the burned 
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limestoae, including the stones ased in forming the dome. 
The ashes are used in the manufacture of soap. 

With a few improvements, this kiln might be used econo- 
mically for burning lime, where peat is abundant, and even 
in most large farms in this country, aa much wreck and clip- 
pings are burned on the ground every yeai", as would be suf- 
ficient for calcining several kilns of limestone in this simple 



Siiildinff. — Almost ail tiie buildings in Persia are constmcted 
either of clay or bricks. 

Cla)/- Building. — The clay is generally procured near the 
intended erection, and is brought to the proper consistency by 
mixing with water and treading with the foot- For walls, a 
foundation is cut out as far down a& the vegetable mould, and 
this trench is filled up with small stones and clay. Tiie walls 
are built in courses, of about one yard in thickness, each 
course being allowed sufficient time to consolidate before an- 
other is laid. The workman stands upon the top of the wall, 
and being supplied with pieces of clay by an assistant below, 
he elevates his anns and throws the mass forcibly down, and 
then treads the pieces more firmly together with his feet. 

The layers are brought to the required hatter, and smoothed 
on the outside, by means of a flat cutting spade. The heat 
and extreme drjiiess of the climate, soon render a wall of 
this description hard and firm, and they last a very long time, 
as rain seldom fulls. Most Persian villages are surrounded 
by high walls of this kind, having flanking towers at eveiy 
angle, and a rude ditch in front, from which the materials 
were excavated, and even tlie fortifications of the principal 
cities are constructed of the same material. Almost all the 
houses are aliio built in this way, and it is only when room is 
valuable that thin partition- walls are erected of bricks. 



Brick- Building. — Of this there are twokinda, — huildingwilh 
sun-dried brick, and with kiln-dried brick ; the method of build- 
ing, however, is much the same for both. The mortar is gene- 
^^sUy clay, mixed with chopped straw, andfiometimes contain- 
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ing a small proportion of lime. While building, the workmendo 
notuseatrowel, but lay the mortar with the hand. The bond is 
Biraple, as the bricks are square, and do not admit of much varielj 
of amingcment. The mortar-joiiits are usually from one to two 
inches thick and very irregular, unless in arches or door-wajf, 
when a good deal of neatness is often exhibited. As timber is 
very scarce, brick-arches and domes are common. The senii- 
cylindric arched roof is built in this way ; after the side wails 
andgables of the space intended to be covered havebeen erected, 
the curve of the arch is marlted out upon one of the gables, 
and this is plastered over with the common clay-mortar; a 
layer of brick is then stuck upon the mortar ; and as the bricks 
are thin andlight, they remain firm tUi the ring is completed, 
end then small chips are pinned into the joints, at the opening 
ends. When one layer is finished, it is plastered over witb 
mortar, and a second layer is stuck upon it in the same man- 
ner. In this way an arch of any required length, and of con- 
Biderable span, is quickly constructed, mithoul centering. If 
tlie bricks were made sufficiently tliin and light, this mode ot' 
building would answer well in tliis country for arching tunnels 
and drains, and for mining purposes. 

Large spaces are often covered over by a brick-dome, or by 
a series of domes supported on pillars. The pillars being built, 
tliin arches are thrown with the assistance of a slight cen- 
tering from pillar to pillar, thus dividing the space to be 
covered, into square compartments. The domes are then com- 
pleted in the way described for the common arch, without 
centering, the workmen placing layers of brick on the four 
sides, alternately. These layers get shorter and shorter as the 
work proceeds towards the centre, and the workmen, judging 
'by his eye alone, gives the whole intrados such a curve as to 
form a neat dome when completed. When the domes arc 
very large, stucco is used as mortar, and the bricks, instead 
of being placed on edge, have their faces downwards, and their 
edges joined together by the cement. 

For light walls, hollow building is common. The first 
course is of one brick on bed ; in the second, two rows of bricks 
arc placed on edge, forming the two faces of the wall, and 
«n upright brick is placed across at every joint; the third 
course is brick on bed again, and so on. This kind of building 
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* WOtild answer well in this country for the upper parts of garden- 
•^ IMUs, and generally for building when strength is not re- 
= quired. 

^ The roofs of dwelling-houses are commonly flat, and formed 
- of poplar-trees, neatly peeled — small laths are placed across 
■ the beams, and a coarse mat, made of reeds, is placed on the 
t^ ; a layer of furze is laid over the mat, and the whole is 
covered by a considerable thickness of clay ; the top of the 
idlay is gently sloped, and rendered impervious to water, by 
being coated repeatedly with clay and chopped straw. 

In the houses of the wealthy, the roof is lathed and plastered 
in the inside, and often beautifully painted and gilt. 

The walls of inferior houses are plastered with clay and 
chopped straw, which has a neat clean appearance ; while the 
apartments of the rich are beautifully finished with stucco, 
which is either left plain, or decorated with gilding and 
painting. 

It is unnecessary to narrate the arrangement of Persian 
houses, as good descriptions of these are to be met with in 
the works of recent travellers : and the writer has throughout 
limited his observations to such processes as have not been 
hitherto noticed. 



On Nehulce. By M. Abago.* 

Definitions. — The above is the name applied to the diffused 
spots which astronomers have discovered in all parts of the 
heavens. These spots or lights appear to depend on two en- 
tirely different causes, of which it is necessary to give some 
brief explanation. 

The stars are very unequally scattered through the firma- 
ment. In certain regions they are crowded ; elsewhere we 
may traverse very extensive spaces, either with the eye or 
with a glass, without perceiving one. This general want of 
uniformity in the richness of the starry heavens, has not been 



♦ From the Historical and Critical Analysis of the Life and Works of 
Sir William HerscheJ, in iheAjf^Mtmre potir l?aft\Wa,ipt«»elift,U au B«^i^«cU 
Bureau des Lotiffitudes, 
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properly studied till our own times. It has led to some mag- 
nificent results respecting the constitution of the universe, 
of which we shall soon make mention. At present we haw 
to do only with certain agglomerations of stars, which are local 
and very circumscribed ; such, for example, as the group of the 
Pleiades, the mass with which i Argus is surrounded, or that 
which has been remarked in the constellation Cancer, and 
wliich bears the name of Frwtepe, &c, &c. 

To every short-sighted person, thePleiades have the appeu- 
ance of a confuted mass of light; but when a glass is used, 
Avhich does not magnify, or the vision is rendered distinct bj 
simple spectacles, the principal stars of this group are seen 
separately, and become detached, I may say, from one another 
Tlie Pleiades, then, are a nebula only to certain ohserveis, 
and even that only wlien they do not use spectacles. In the 
group of Cancer, the different stars being more condensed, the 
nalural human vision cannot separate them ; the light of one 
star becomes extended and scattered on the retina, miagles 
with the light of the neighbouring star, on account of the im- 
perfection of our organs, and the whole forms a confused mass. 
Avml yourself, on the contrary, of a telescope, even of small 
power, and tlie image of each star becomes greatly concen- 
trated, is thus separated from the image of the contiguous star. 
and the luminous mass loses the character of diffusion, which 
can only be legitimately maintained in the class of true oe- 
bulse. 

la order to attain this result, simple spectacles and a weak 
glass have been found sufficient when we observe the Pleiades 
and the group of Cancer. There are luminous spots which 
we cannot resolve into groups of stars, but by the aid of the 
best telescopes and strong magnifying powers. Those which 
have resisted magnifiers of 60, 100, 150, and 200 times, give 
way under magnifiers of 500, 1000, and upwards. It was thus 
that Herschel succeeded in transforming into agglomerations 
of stars, the greater part of the nebula which Messier, who 
used less powerful glasses, believed to be irreducible, and which 
he called nebula without stars. 

Nature of Ne()ul<E. — The considerable number of nebula 
which, when viewed with ordinary instruments, geein luiai- 
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nous cloiiils, nnil of which Herschel ciTected the deonmposition 
into stars by means of telescopes of 10, 20, and 40 feet, led 
this great astronomer to a rash generalization. He maintained 
for many years, that all iiebulic are masses of stars ; that there 
is no other essential difierence between nebulse, the moet dis- 
similar in appearance, but a greater or less distance, or a 
greater or less condensation, in the stars composing them. He 
thus placed himself in durect opposition to Lacaille, who, on 
his return from the Cape of Good Hope, wrote thus, in the Me- 
moirs of the Academy of Sciences for 1755 : — " It is not cer- 
tain that the whiteness of these pai'ts (the clouds of Magellan 
aod the whitenesses of the Milky Way) is caused, as is commonly 
supposed, by masses of small stars more thickly crowded to- 
gether than in other parts of the heavens ; for with whatso- 
ever attention lexamined the best defined extremities, whether 
of the Milky Way, or the Magellan clouds, I perceived nothing 
with a glass of 1-1 feet, but a whiteness in the depth of the 
sky, without observing more stars than in other places where 
the sky was obscure." Minute and veiy delicate observations, 
made in entire good faith, at last induced Herschel to modify 
his first opinions. In a memoir of 1791, we find the fol- 
lowing words : — " There are nebulosities (whitenesses) which 
are not of a starry nature." Once having come to the opinion 
that there exist in the celestial spaces numerous masses of 
diffused and luminous matter, Herschel saw a &eld of research 
open before him, almost entirely now, and which he explored, 
in all its parts, with indefatigable zeal. The amount of ne- 
bulee then surpassed the restricted limits which had been usu- 
ally assigned to them; his object was no longer merely to 
remove uncertainties and the mistakes of astronomical ob- 
servers ; to prevent the wandering comet, even from the time 
of its first appearance, from being ever confounded with an im- 
moveable nebula, notwithstanding theapparent resemblance in 
their physical constitution and their great similai'ity of form. 
It came to be well understood, from that period, that stars, 
planets, satellites, and comets, were not the only objects to 
which the investigations of astronomers ought to be directed. 
The non-condensed celestial matter, — the celestial matter 
nearest, if the expression may he allowed, to the elementary 
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state, appeared not less worthy of attention, and presented H- I 
self to minds embued with some philosophy, as a (ruitful [ 
source of discoveries. 

HUlorical Sketch of the Discover;/ ofN«bulie. — The first ne- 
bula of which mention is made in the annals of astronomy, ii 
the nebula of ^/i(//-o?ne(/a. Tt was observed by Simon Marioi 
in 1C12. This astronomer compared the light of the nebula 
of Andromeda to that of a candle seen through a thin plate of 
horn, and the comparison is not inaccurate. Nearly half » 
century had elapsed from the time of Marius, when, in the yew 
1656, Huygens observed the large nebula in the constellation 
Orion. In 1716, Halley, when enumerating the known ne- 
bulie, found that they amounted only to six : the two alreadj^ 
mentioned ; one, the discovery of which he ascribes to Abraham 
Ihle, but which, before 16G5, had already been noticed by 
Hevelins ; it is between the head and the bow of Sa^ttarius; 
the nebula situated in the Centaur, which HaJley discovered in 
the year 1677, while he was working at the catalogue of stars 
in the southern heavens ; the nebula near the right or northern 
foot of Antinoiis, which Kirch observed in 1681 ; finally, a Tib- 
hula, the discovery of which is also due to Halley, situate in 
the constellation Hercules, on a straight line drawn from ^ W 
J) of Bayer. \ 

During his residence at the Cape of Good Hope, Lseaill« ', 
fixed the position of 14 nebulas, in which his feeble instmmmts 
shewed nothing definite ; and that of 14 others, which the 
same glasses, on the contrary, decomposed into stars. A few 
years afterwards, the amount of these objects was notably «t- 
tended. Messier's catalogue, communicated to the Academy 
in 1771, and inserted, with some additions, in the ConnaUtaMi 
ties 7'etnps of 1783, contained 68 nebuire, which, with the ad- 
dition of Lacaille's 28, formed a total of 96. This branch 
of science made the most rapid progress, as soon as Hei^ 
schel brought to its service his powerful instruments, a rare 
degree of penetration, and indomitable perseverance. In 1786, 
this learned philosopher published, in the 76th volume of tin 
Fkihsophical Transactions, a catalogue of a thousand nebillA 
or masses of stars. Three years afterwards, to the great 
astonishment of observers, a second catalogue appeared, asei- 



HeeolvaUe Nebnlw. 311 

tensive as the first. To that succeeded, in 1802, a tliird cata- 
logue of five hundred new nebula. Tieo thousand five hundred 
nebulie — such, then, was llersehcrs contribution to a branch 
of astronomy scarcely entered upon before his time. The ex- 
tent of it, at the same time, is the Joast merit of this great work, 
as we shall see. 



Their /or/«,— Nobulff — even those to which that name is 
improperly given, or which can be resolved into stars by means 
of powerful telescopes, — present themselves under a great va- 
riety of forms. There are some of them which, being greatly 
elongated and very narrow, may almost be taken for simple 
luminous lines, straight or serpentine ; others, opening iu the 
shape of a fan, resemble an aigrette diverging from a strongly 
electrified point. In some cases, the contours have no regn- 
larity ; in others, one would suppose they had the head and 
nucleus of a comet. Let us attend to more detailed defini- 
tions. 

Circular Nebul<E. — The circular form is that which resolva- 
ble Bcbulie appear most commonly to assume. Herachel de- 
voted himself to the examination of circular nebulie in a most 
particular manner. He has deduced from his observations im- 
portant results, of which I shall endeavour to give an exact 
idea. 

The circular form is only apparent ; the real form must be 
globular or spherical. An observation which I shall imme- 
diately refer to will render this evident. 

In general, the stars of which these nebulas are composed 
appear to be very nearly of tlie same size." They are distri- 



I 



• AUhough the rule I Lave proBcribed for uiyself prevents i 
upon memoirs posterior lo those of William Herachel, I 
gist tliQ temptstiou of bringing forward in this place two cuiii 
tiona \rj James Dunlop. This astronouier, during liia residence at Para- 
matta, New Holland, remarked, at lH' 29^ 20» of tiglit ascension, and 
29*10' of southern polar distance, a roEolvabla nebula of 10' diumelar, in 
(rliich slione three red stars and a yeitow one, displacing these peculiar kindi 
the midst of n, multitude of irhiU stars. On anolheT occAEioDr 
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butcd aroimd the centre of the figure with perfect regularit}'. 
Accordingly, at equal distances from this centre, the lumino- 
Bity is absolutely equal in all directions. 

If we place at a very great distance a spherical nebula, in 
which the stars are equally condensed in the centre, edges, 
and throughout ; the eye will misrepresent this composition. 
Let us bring the visual ray which traverses the sphere neav 
the margin. The space comprised between the point of en- 
tering and issuing will be very short ; the ray will therefore 
fall upon very few stars. In proportion as this visual ray ap- 
proaches the centre, the part comprised in the sphere will 
become longer, and the number of stars it encounters will go 
on increasing. The maximum will be obsei'ved in the centre 
itself. 

The gradual augmentation of intensity Irom the margin to 
the centre presented by all nebulae apparently cii*cular, may 
thus be considered as a manifest proof of the globular form, of 
the spherical shape of the starry group. 

It is easy to push these considerations further. 

We have stated that the parts of the visual rays which are 
comprised in a sphere, go on increasing in size fi'om the maN 
gin to the centre. If the sphere is Ailed with stars equally 
distant, the lengths of these parts of the visual rays will bo 
proportioned to the number of stai'S which the rays touch upon; 
they will give the measure of the luminous intensity of all the 
regions of the nebula from the edge to the centre. Well, let 
us bring neaily parallel lines across a sphere. Near the edge, 
these lines n-illvari/ in length rapidly; near the centre, on the 
contrary, they tvUl vary very little. The nebula ought, there- 
fore, to vary in splendour very rapidly at the edges, and scarce- 
ly at all in the centre. This is the reverse of what is wit- 
nessed. There must be something inaccurate, therefore, ia 
the h}'potliesis with which we set out ; we must have bees 
wrong in supposing that stars exist in all the parts of the 



his powerful telescope, directed to l&h 49>i 
63' 10' of polar dJBtance, preaented a nebula i 
eoa^lfd fnlirflij of bbiith iltirs. 



G' of right ascension nul 
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sphere in a state of equal concentration. The rapid aug- 
mentation of intensity towards the centre, tlie presence of 
a kind of luminous nucleus in the centre itself, prove that 
the stars are more condensed there, and around it, than in any 
other place. Suth a result is important, at once by its nature 
and its generality. It ought to be considered as an obvious 
indication of the existence of a clustering power directed from 
ail parts towards the centre of the globular group. 

Number of atars contained in cerlain globular Nebula. — It 
would be impossible to give a detailed and exact enumeration 
of the total number of stars of which certain globular nebulaj 
are composed ; but we may arrive at certain limits. By tak- 
ing account of the angular spacing of the stars situate near the 
edges — that is to say, in the region where they do not project 
one over another, and comparing it with the total diameter of 
the group, we ascertain that a nebula, whose diameter is about 
10 minutes, and whose apparent superficial extent is scarcely 
equal to a tenth of that of the lunar disc, contains no less than 
lieenty thousand gtara. 

The dynamical conditions fitted to secure the indefinite pre- 
servation of such a multitude of stars, cannot easily be ima- 
gined. Are we to suppose that the system is in repose ? The 
stars would in time fall upon each other. Are yva to assign 
to them a rotatory movement round a ^ngle axis ? Shocks 
would become inevitable. Further, is it proved, a priori, that 
the globular systems of stars must be preserved inilefinitely in 
the state in which we now see them ? 

Perforated or Annular Nebulte. — Herschel classed among 
the curiosities of the firmament a nebula previously inserted 
nnder No, 57 in the old catalogue of the Counaissancc des 
Temps. But that justice may be done, let us hasten to add 
that Messier and Mechain, with their feeble glasses, had nei- 
ther perceived any star in the nebulosity, nor discerned its 
real form. 

This nebula appears as a somewhat ellipticnl ring of stars, 
A dark hole is seen in ihe centre. The two axes are in the 
proportion of 83 to 100. The obscure opening occupies about 
the half of the diameter of the nebula. 

VOL. xsxiii. NO. i.xvi. — ocTOBni 1S42, x 



314 M. Arago oh NebtUee- 

Nel/ii/at are not utUfurmlif dttteminaleil through all (he re- 
gioHt of the heaveiis. — Herachel, on first entering on the study 
of nebnlie, made an important remark; he found that they ge- 
nerally form strata. One of these gtrnta. is very broad, and 
lying in a direction almost perpendicular to the Milky Way ; it 
is the stratum in which the Great Bear, Cassiopea, Berenice's 
Hair, and ^'irgo, ure found. In the middle of one of the Btra- 
ta in question, Herscliel perceived no fewer than 31 perfectly 
distinct nebulffi in the short interval of 36 minutes. 

Nebttlte considered in their relations to the gurroUHdins 
spaces. — The spaces which precede and follow simple nebulae, 
and still more grouped nebula;, generally contain very few 
stars. Herschel found this rule invariable. Accordingly, 
whenever it happened, after the lapse of a short time, that dq 
star was brought by the motion of the heavens within the 
range of his lised telescope, he was accustomed to say to the 
secretary who assisted liim, "Make ready to write, nebule 
are just approaching." 

The spaces poorest in stars are near the richest Nebuht. — -In 
the body of Scorpio there is a space o^/oiir degrees in breadth 
in which no stars are to be seen. On the western edge of 
this vast obscure opening, lies the nebula marked 80 in the 
catalogue of Connahsance ilea Temps, which Herschel consi- 
dered the richest and most condensed mass of stars which the 
firmament can otler to the contemplation of astronomers. 

The same phenomenon recurs near the fourth nebulow 
group of the Connaissance des Temps. This group is likewiw 
situated on the western edge of a space which contains no 
Stars. 

Let us connect tliese facts with the observation wbicli bw 
shewn that the stars are greatly condensed towards the centre 
of spherical nebulas, and with that which has afforded the 
proof that these stars sensibly obey a certain power of conden- 
Bation (or clustering power), and we shall feci disposed to ad- 
mit with Herschel, that nebulie are sometimes formed by the 
incessant operation of a great number of ages, at the expense 
^L of the scattered stars which originally occupied the surround- 
^H ig regions; and the existence of empty, orrnvo^et^ spaces, to 
^B e tlie picturesque expression of the great astronomer, will 
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no longer present 

imagination. 
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inything which ought to confound our 
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Let US pass from nebulEe resolvable into stars by tlie aid of 
powerful telescopes, to those which have never been sub- 
jected to such decomposition, and turn our attention to those 
masses of diffused luminous matter scattered hero and there 
in the firmament. 

The diffused matter occupies very extensive spaces in the 
fieavens. — Hersehel piiblished, in 1811, a catalogue of 52 dif- 
fused nebula?, not resolvable, or at least not resolved, into 
stars, among which some are to be found extending to 4° 9' 
in one of their dimensions. The apparent superficial extent 
of one of them exceeds that of nine circles of a degree in dia- 
meter. The superficial extent of the whole together amounts 
to 152 of these circles, which is about the 270th part of the 
number of such circles which form the entire surface of the fir- 
mament. 

The great luminous spots have »o regular form. — The forma 
of the very large diftiised ncbulje do not appear susceptible of 
definition ; they possess no regularity- They are found with 
their contours rectilinear, ciu-vilincar, and mixtilincar. Cer- 
tain spots terminate distinctly, abruptly, and strongly marked 
on one side, while on the opposite side they mingle with the 
light of the sky by an insensible degradation. There are some 
which throw out very long arms to a distance ; in others, large 
obscure spaces are to be observed in the interior. All the fan- 
tastical figures assumed by clouds carried along and agitated 
by violent and often contrary winds, are found repeated in the 
firmament of diffused nebulEe. 

The diffused nebulte of a rounded form are not of great di- 
mensions compared with the others. Sometimes (and this cir- 
cumstance appears highly deserving of attention) there exists 
between these rounded, very distinct, and well circumscribed 
nebulBc, a very slender thread of nebulosity attaching them 
together by their circumferences; one might call it a kind of 
index, a visible witness to their common origin. 
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Of the Li^hl of true Nebulee. — Starry nebulae have been re- 
tiarJed for a long time as true nebulie. \Ve must not, there- 
fore, expect to discover dissimilarities of a very decided 
character betiveen the lights of tliese two natures of bodies. 
\ebiilie, composed of a diffused, continuous, phosphorescent 
matter, have, however, quite a peculiar and indefinable aspect, 
witli which the most ancient observers who had an opportu- 
nity of examining the heavens with good glasses, appear tJ 
have been particularly struck. 

Halley, for example, did not hesitate to regard the liglt 
of tJie nebulie of Orion and Andromeda, as depending on quite 
a particular cause. " In reality," he says, " these spots are 
nothing else but the light coming from an extraordinary great 
space in the ether, through Mhieli a lucid medium is difiiised 
that shines with its own proper lustre,"* 

Cerham b not less eicplicit ; the light of nebulae, according 
to him, could not be that of a congregation of stars. He even 
proceeds to ask if, as many philosophers formerly believed, 
there may not exist beyond the sphere of the remotest stai-s, 
a region entirely luminous, an empyrean heaven, and if these 
nebuls be not this shining region seen tlirough an opening, 
a chasm, of the sphere (probably crystalline) of the primam 
mobile. 

Voltaire mentions Derham's opinion in one of his ingenious 



" Micromegas," he says, " traversed the Milky Way hi s 
short time ; and I am obliged to confess that he never mv, 
IS the stars with which it is sprinkled, the beautiful em- 
pyrean heaven which the illustrious viear Derham boasts of 

ving seen at the end of his glass. Not that I allege tlial 
M. Derham saw wrong; God forbid! but Micromegas was 

' We find in lliu Memoir from whicli I extract, tliia passage, a remiirlt, 
wbicb \B Ihe more singular, as it n'as made by a mnn wlia almosl opeilj 
professed infidelity. " Tliia," wrote tlio fricml of Newton, " seems fall; to 
jroCDDcila that dilEcutt]' wliicli some have moTed against the dGscriptiiili 
:s gives of the creation, alleging that light could not bo created willioiil 
an. But in the instaiLeeB of Nebulie tho contrar]' is nunifeat ; tot Kxn* 
«f theie br^ht spots discoTcr no sign of a star in the middle of them." 
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upon the spot ; he is a good observer, and I will contradict no 
one." 

It ivould be impossible to criticise Dcrham's strange con- 
ception in a better spirit. 1 am only astonished that Voltaire, 
who knew every thing, did not remember that the author ' 
of the Astro-Theoiogy was not tlie inventor of the empy- 
rean. Anasagoras alleged that the upper regions (the ether) 
were filled with fire. Seneca had said : Openings are some- 
times formed in the heavens, througli which we perceive the 
flame which occupies the interior- In describing the nebulie 
of Orion, Huygens expresses himself fhns : " One might say 
that the celestial vault, haA-ing opened in this place, pennits 
us to behold the more luminous regions beyond," 

Finally, if such authorities, from their antiquity, do not ap- 
pear to establish with sufticient evidence the fact that there b 
something characteristic in the light which emanates from 
true nebulsp, I shall cite the recent words of Herscbel the 
younger; "In all the (resolvable) nebula, the observer re- 
marks (whatever may be the magnifying power) shootings 
forth as from stars, or at least he believes that he feels as if 
be would perceive them if his vision became more distinct. 
The nebula of Orion produces an entirely different sensation, 
giving rise to no idea of stars." 

Distribution of the pkosp/ioreseetil vtalter in true Nebtdte — 
Modification which attraction produces in it tcilh the lapse of 
lime. — The light of these great milky spots is generally very 
feeble and uniform ; here and there only, we remark some 
spaces a little more brilliant than the rest. 

On what can this augmentation of intensity depend ? Does 
it depend on a greater concentration, or a greater deplhm the 
nebulous matter ! The choice between these two explanations 
is not a matter of indirt'erence. 

The places where a comparatively bright light is observed 
in these great nebulosities, are commonly of sviall extent. If, 
then, we wish to ascribe the phenomenon to the greater depth 
of the nebulous matter, it is necessary to suppose that a kind 
of column of the same matter corresponds to each of the points 
in (piestion ; a rectilinear column, very condensed, and di- 
rected exactly towards the earth. This specially of directiaa 
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may seem possible in such or suuh pnrticulai' point. It couiil 
not be tlie same cither for the whole of the circumscribed ra- 
diating pkces presented by the ivhole firmament, nor even 
:fop t»TO, throe, or four of these places whicli are remarked in 
'■ single nebula. It must, therefore, be admitted, that it is the 
produce of a condensation, an increase of densitv in certain 
|ioints of the nebulous spaces, the vast extent of which we 
have already computed. 

-. la this condensation the effect of an attractive force, ai 
logons to that which prcdoniioates over and regulates all 
motions of our solar system ? Such is the magnificent pi 
^lem ivhich we nmst now endeavour to solve. 

In after times, it will be sufficient to throw a double glaiio«< 
one on the nebula; of the period, and another on the drawings, 
BO admirable for their delicacy and fidelity, which astronomera 
of the present day have given of them, to enable the questioft^ 
to be decided, whether time sensibly alters the dimensions 
forms of these mysterious groups ; but antiquity having 
no term of comparison in this respect, we are reduced to 
necessity of encountering the problem by indirect 
However, I have every rea.'ion to hope that the solution of 
will not appear much the less evident. 

The phenomena, which the existence of diverse centres of 
attraction, spread over the whole extent of a single and vast 
nebula, ought to produce, would develope themselves in this 
order : — 

Here and there, the disappearance of the phosphoresc«it 
light ; the eommencement of breaks in the continuity, or r 
in the primitive luminous curtain, the necessary result of 
motion of the matter towards the attractive centres ; 

The increase of the rents, that is to say, the transformatic 
of a single nebula into many distinct nebuSie, but little dist 
fW)m each other, and sometimes connected by very deliote 
fillets of nebulosity ; 

The roundi/iff of the exterior contour of the separate neba- 
iae ; an augmentation more or less rapid of their intensity from 
the circumference to the centre ; 

. The formation at Uiis centre of a nucleus, very apparenl 
either by its dimensions or its splendour ; 
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The passage of each nucleus to a stellar state, with the con-* 
tinuance of a slight surrounding nebulosity ; 

Finally, the precipitation of this last mentioned nebulosity, 
and, as the definite result, as many stars as there were dis- 
tinct centres of attraction in the original nebulosity. 

And in what length of time can a single and the same ne- 
bulosity undergo all this series of transformations ? Of this we 
are absolutely ignorant. In some instances, perhaps millions 
of years would be necessary ; in other instances, with other 
conditions of extent, density, physical constitution, and phos- 
phorescent matter, much shorter periods would be sufl&cient, 
as the sudden appearance of the new star of 1572 seems to 
indicate. 

: The unequal rapidity of the transformations leads to one 
important consequence. In departing from this basis, it is eyi- 
dent that the nebulae, if they were all of the same age, must, 
taken altogether, present the various forms which I have enu- 
merated. To one region, ages would scarcely bring a visible 
accumulation of phosphorescent matter round some centres of 
attraction ; towards another region, owing to a more precipi- 
tate movement of concentration, we should already find groups 
of nebulae with a nucleus ; nebulous stars would at last pre- 
sent themselves here and there, as the last step leading to 
stars properly so called. 

All these states of the nebulous matter indicated by theory, 
observation had discovered beforehand. The argument is as 
satisfactory as could be desired ; only, instead of following the 
transformations in a single nebula step by step, their develop- 
ment and progress have been determined by observations made 
on them collectively. Is it not thus that the naturalist acts, 
when he is compelled to describe, for all ages, the habit, size, 
form, and external appearances of the trees cemposing the 
forests he is rapidly crossing ? The modifications which a very 
young tree shall undergo, he perceives distinctly and unequi- 
vocally with a glance of the eye at an object of the same kind 
which has already arrived at the most complete degree of 
growth and development. 

Historical details on the transformation ofNebuI(B into Stars — 
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ExmtunatioH of the diffie^tiet lehich these ideas of li 
tion hare raised. — It has been enough for us to group eonve- 
uiently the diverse forms which diffused nebula; affect, in order 
to arrive at the most important cosmogonical conclusion. By 
means of the natural and sober combination of observation 
and reasoning, vre have established, with a high degree of 
probability, tliat a gradual condensation of the phos[>h orescent 
matter leads as the last term to sideral appearances ; that we 
at last arrive al the formation of true stars. 

This bold idea is not so new as is imagined. I can, for 
example, trace it back as far as Tycho-Brahe.* 

This astronomer, in fact, regarded tlie new star of 1572 as 
the result of the recent agglomei-ation of a portion of the dif- 
fused matter, disseminated throughout the whole universe, 
which he called celestial matter. 

According to him, celestial matter existed in the Milky K^ay 
in much greater abundance than elsewhere. Must we then be 
sm-prised, he says, that the star should have made its appear- 
ance in the midst of this luminous band 1 Tycho even saw an 
obscure fjiace, as large as the half of the moon's disc, in the 
very place where the star appeared. He had no remembrance 
of having observed it before. 

Kepler, in his turn, composed the new star of 1601, of 
the a^lomerated matter of ether. This matter, when in a 
less complete state of condensation, seemed to him the physi- 
cal cause of the atmosphere with which the sun is enveloped, 
and which shews itself under the appearance of a feeble lumi- 
nous crown during the whole continuance of total eclipses of 
the sun. The new star of 1572 was formed in the Milky Way ; 
the new star of 1604 was not far distant from it. Kepler saw 
in this coincidence a plausible reason for assigning to the two 
btars the same origin ; only he added : if the milky matter con- 

* I pnrposely pul aside the idea of the Bralimin philosophers, that then 
exists, besides the four terrestrial elements, a fy'ih tleaiail, the ^ItoKA, of 
which the heaven and »tnrs uro formed. The Akasch may undoubtedlj he 
I egitimfttely likened to the nebulous m.tttei' of modem natron omers ; hut no- 
thing, I helicve, would authorize the aiipposilion thul the IndLms imagined 
thai new stars were engendered, in our own times, and under oar ejes, at 
we of Iho Akaach. 
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tinually engenders stars, why is it not exhausted ? Why does 
the zone which contaba it appear not to have diminished since 
the time of Ptolemy'f This difficulty truly contains nothing 
important : what means have we of knowing in what state the 
Milky Way was 1500 years ago ? 

Of the coitdenaation the diffused mailer must undergo in order 
to be transformed into Stars. — The opponents of the great ideas 
I have referred to, seem to have entei'ed upon a more serious 
field of objections, when, founding their opinion on the exces- 
sive rarity of the diffused matter, they assure us that the 
whole of this matter observed in all the regions of space, 
would not compose a star comparable to our sun in size and 
density. A calculation of Herscliels has reduced the diffi- 
culty to its true value. 

Let us take a cubical agglomeration of nebulous matter, the 
side of which, seen from the earth, subtends only an angle of 
ten minutes. Let us suppose that this agglomeration is situated 
in the region of stars of the eighth or ninth magnitude. The 
calculation will shew, that its volume will rise to more than 
two ti'illions of times that of the sun. This residt may be put 
in this other form : the diffused matter contained in the cube of 
IC the side, after having been condensed more than two tril- 
lions of times, would still occupy as large a volume as our 
sun. Now, have these objectors reflected on the condensa- 
tion expressed by the prodigious number of two trillions J 
The objections against the actual production of stars, founded 
on the rarity of the diffused matter, may therefore be set en- 
tirely aside. 

Comparative intensities of the total light of a Kelnila, and the 
condensed light of a Star. — After having examined tie ques- 
tions of volume and density, it ought to be asked if the feeble 
scattered light of a nebula would be sufficient to produce, by 
means of concentration, the lively, penetrating, scintillating 
light of a starl 

Herscbel, I believe, never studied the problem in this light. 
But, if I am not mistaken, it may be illustrated in a few 
.words. 
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Nothing being tirst eetalilisheil in principle, I hasteii to tf 
mark, tliat the condensation of the diffosed matter don mW 
inereane the luminous properties of each of the moleeuieR 
But I set entirely aside this possihility of increase of splen- 
dour, and reduce the question to very simple terms ; are the 
feulile lights spread over nil the points of such or snch k 
diffuNcd nebulH, equal i» the tarn, to the light of sach or such 
H Atari 

There are no practicable experimental means of convenient- 
ly uniting in a single point, the light Gmanating from the 
whole stiperlicial extent of a great nebula. The inverse opera- 
tion is, on tho contrary, easy. If we gradually withdraw tlis 
j{luss of a telescope from the place which it occupies when 
tile vision is distinct, we see the image of each star successive- 
ly enlari/e and lose its intensity. In displaying one of these 
imngea in this manner, till we make it till nearly the whole 
(ield of vision, we make it at last not more brilliant than the 
milky nvbulu. This once obtained, calculations into whidi 
various elements enter, as well as various corrections of wlud 
I cannot give a complete enumeration without ezceedi]q[ 
the limits im[K>iied on me, lead to the results songhtfor: t 
may say to the niiniorical approximations which exist between 
tht) intiwisiticg of the total lights dispersed over a great extent 
of milky nebula, and the concentrated light of stars. Tlifl 
result of these experiments and calculations strengthens tlu 
ideas of Tycho, Kepler, and Hersohel, on the transformation 
of nebulfc into stars. 



Changes observed m certain Nsbulce. — By comparing the 
observations of the years 1780 and 1783, with those of 1811. 
Herschel found that the nebula of Orion had sensibly changed 
both in form and extent. This Wiis, according to the expres- 
sion of Fontinelle, to have caught Nature in the fact. 

Boulliaud, Kirch, and Le Gentil, believed, as early as 1667, 
1678, and 1759, that the nebula of Andromeda underwent 
great variations. Mairan says the same thing of the nebula 
of Orion, and supports his statement by the authority of Go- 
din and Fouchy ; astronomers, nevertliele»s, continued in un- 
They remarked, not without reason, that. 
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der to bo in every respect comparaljle, observations on objects 
of such small brilliancy, and so ill defined, oiigbt to be made 
at all the different periods with glasses of the same power ; 
but this condition had not been attended to. Hersohel, on 
the contrary, strictly conformed to it. His telescope, in 1811, 
in no respect differed from the instrument of 1783. This 
gave him the confidence to say : I have provetl these changes, 
{Phil. Tram., 1811, p. 324}. Theproo/did notappear som- 
disputahle as to prevent the son of Sir William from recently 
ranking himself among the sceptics. John Herschel's beautiful 
memoir is too much out of the plan 1 have chalked out for 
myself, to permit me to analyze it in this place. 

. Platielaty Nebulm. Is it true that, in order to explain the 
uniform luminogily of their discs, it is indispensably necessary 
la suppose that the diffused matter is opaque after il reaches a 
certain degree of concetitration f — Herschel applied the above 
name to nebulse which resemble the planets of our system 
iu foim. They are circidar or slightly elliptical ; some have 
tiieir contours dbtinctly defined ; others appear surrounded by 
a slight nebulosity ; their hglit b equally bright over the whole 
extent of the disc. Among the planetary nehulte discovered 
by Herschel, I find some of ten, fifteen, thirty, and even sixty 
seconds in diameter. 

Herschel regarded the physical constitution of planetary 
nebula; as very problematical. His fertile imagination could 
furnish him with nothing very plausible or satisfactory on this 
subject. These bodies could not be likened to the globular 
nebulffi composed of stars, without explaining why their light 
did not present any increase of intensity towards the centre. 
To transform the planetary nebulse into stars, properly so 
called, was to disregard all analogy ; it was to create stars 
with actual diameters thirteen thousand times greater tlian the 
diameter of the sun {diameters of 4600 millions of leagues), 
and to ascribe to stars a kind of dull light which no star has 
hitherto exhibited. 

After much hesitation, Herschel decided on considering the 
planetary nebulae as agglomerations, already very much con- 
densed, of the diffused matter. This assimilation, it cannot 
be disguised, demands a hypothesis which appears not very 
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natural. In urdcr to explain wby the lustre of nebulous 
jilanetary discs is not much stronger in the centre than to- 
wards tlic edges, it is necessary to admit that the light does 
not come from tlie whole depth of the nebula (otherwise its 
intensity would increase with the number of material and ra- 
diating particles contained in the direction of each visual ray) ; 
it is necessary to reduce the radiation to the state of being 
purely superficial ; wo must {rrant, in other words, that when 
it attains a certain density, the diffused milky matter, as one 
would call it, ceaiet to be diaphanous. 

I ilo not know, but it seems to me, that all these suppositious 
may be avoided by admitting that these planetary nebula: are 
nebulous stars, so remote from the earth that the central star 
no longer predominates by its splendour over the diffused lu- 
minosity with which it is surrounded. It would be superfluous 
to repeat here what I have already said in another part of this 
essay. 

I add a single word on the danger that would arise from 
drawing too absolute consequences from the evolutions of the 
diffused matter, and the various forms it may assume when 
iipgtomerating. Has it not been alleged but lately, that, in the 
nebula of Orion, the milky substance is not in immediate con- 
tact with the stars of the celebrated trapezium so well known 
to all astronomers ? Has it not been said that these stars are, as 
it were, isolated in the midst of the nebulosity, and that a dark 
space surrounds them ? Astronomers, I admit, have not yet de- 
moHslraled that we ought to see, in the phenomenon of which 
1 have spoken, any thing else than a simple effect of contrast ; 
nothing proves that it is any thing else than a very feeble 
light becoming effuced by the contact of a more brilliant one. 
To remove all doubts, it is necessary to throw, by means of 
the reflection of a flat diaphanous mirror with parallel faces, 
placed before the ohject-glaas or the aperture of a telescope, tlie 
image of some star on the image of the nebula, and observe if 
the image of the star thus reflected shall seem likewise sur- 
rounded with a dark space. In the mean time, every thing 
authorizes us to suppose that the milky molecules are sub- 
jected, in the vast regions of space, to forces of which wc 
have r . The observers who have followed the pro^^ 

digir VR almost instantaneous, changes of HaUeri|^| 
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comet in its last appctiranec, will not gainsay me ; the reserve 
I recommend will appear to them, J hope, quite natural. 



Diffused cosmic matter, noi luminous of itself, and imperfectli/ 
diaphanous. — Herschel tliinkK that he has determined, by the 
observations I am about to mention, that besides the diffused 
matter, luminous of itself, of which we have spoken so much, 
there exists in space another equally diffused, but not radiat- 
ing, and imperfectly dia])hanous. 

In March 1774, this celebrated astronomer perceived on the 
north of the great and beautiful nebula of Orion, on both 
sides of the celebrated nebulous star signalized by Mairan, 
two other smaller stars surrounded in the same manner witli 
civcnlar nebulosities. 

In the month of December 1810, the nebulosities of these 
two small stars were dissipated. On the 19th January 1811, 
no trace of them was to he seen, even with a telescope of 
39 feet. With regai-d to the nebulosity of the principal stai", 
it had undergone no change save heeoming very much weaker, 

Herschel believed that the three nebulosities in question 
were not real. When a star is seen through a mist, it appears 
to be in the centre of a luminous glory. This glory is com- 
posed of a portion of the mist illuminated by the star* An 
analogous cause produced, according to this illustrious astro- 
nomer, the nebulosities observed in 1774 around the three 
stars mentioned ; only, the ordinary mist was replaced by a 
cosmic matter, nearer to us than the three stars, situated, 
however, in the high regions of the firmament, and in imme- 
diate connection with the great nebula of Orion, The matter 
did not shine with its own light, since, at a certain distance 
from the three stars, no trace of it was seen. It reflected 
strongly towards our eye the starry rays which traversed it, 
under incidences very little removed from the perpendicular; 
it wanted that extreme diaphaneity which our fancy takes plea- 
sure in conferring on gaseous matters situated in the celestial 
spaces ; finally, it was by obeying a clustering power, which 
all the nebulous matter of Huygens is subject to, that it ceased 
in 1810 to interpose itself exactly between the two small stars 
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and aa, and tluie it happened that the phenomenon so vi 
in 1774 no longer existed 36 years after.* 

Such is Hersehel's theory, if I understand it aright. I 
not Iicre considtT whether it might not have heen more 
to assimilate the circular nehiilosities of the three stars' 
Orion to the luminous atmospheres of ordinary nebulous sta 
than to attribute the weakened light of the largest, and C 
disappearance of the two others, to a motion of the ata 
splieres towards the centre of each star. 1 see nothing in t 
observation which, at first sight, would oppose tliis mode 
e.tplanutlon ; but the strictest caution is a duty whenever ^ 
differ from the opinions professed by the illustrious astronom 
of Slough. 



Opinions of the Ancients on the Milky Way. — Such is 
ame applied to the luminous whitish zone which every i 
has remarked in the starry sphere. Every one also ten* 
that this zone goes round the whole firmament ; that it v 
nearly traces one of its great circles, not, however, withoi 
undergoing a sharp bifurcation from which results a seed 
I darji how, which, after continuing separated from the prim 
pal arc for the extent of about 120", again becomes co 
founded with it.* 

The Milky Way excited the eager attention of the ancient 
philosophers. Manilius describes at length, in his poem. 



* The authenticated diBappeoranceof a ittury nehaloBit}' would be a WT 

eitraordinary plienomenon and very frtiitfal in results. I have, thereTwt, 

thought it requisite to inquire whether tbe rninnU of arience oflei any ft« 

analogous to the two cited by Herschel. My search has not boen, in m; 

opinion, unfruitful. Laeaillc, during his residence at the Cape, eair in Ihe 

K constellation Argo (310 Bode) five small stars in the centre of a nebulouM 

^^of whit^h Mr Dunlop, with much better instruments, conld i»erceiT9 )| 

^■traces in IQ2d. 

^H t Tlie hreaillh of the Milky Way seems very unequal In some plac 
^Bdoee not exceeds^; in ulLrprs the breadth is 10° and even IG." iUfi 
^Kbancbes, between Serpentnrius and Autinous, retire more Uiau SS° of l| 

W" 
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J famstellations which it traverses. He likewise makes 
'^iMgiiAinted with the g^reater number of the explanations 
have been given of this imposing phenomenon. These 
of Grecian fancy, and such as it may be possible to col- 
£Kmi the other writers of antiquity, do not deserve, in 
:]nn98ent day, the honour of a serious examination. Of 
rihtt importance is it to science~^I might almost say of what 
^ ^^^ortanoe is it to the history of science — ^that Aristotle has 
^jlj^ of the Milky Way, *^ that it is a luminous meteor, situ- 
(f^d in the middle region ?^ Does any one desire to know 
^^ tet they have gone the length of seeking for the origin of 
. Jib iiamense whitish girdle in the drops of milk which the 
jlfiuEit Hercules let fall from the breast of Juno f and in the 
l^iimt track which was left behind by the chariot of Phseton, 
QT by some star suddenly darting, in former times, from its 
f^dinary place, and shooting across space % Must we re- 
jpind the reader that QBnopides and Metrodorus believed 
tbat the Milky Way is the route which the sun anciently 
nlnndoned, as it approached its present zodiacal course, and 
%b which it was confined a sufficient length of time to leave 
.indelible mai'ks of its passage \ From the time that comets 
bavi^ irretrievably broken in pieces the solid spheres to which 
the ancients attributed such an important part in the me- 
chanism of the universe, no more attention has been paid to 
an often cited passage of Macrobius ; a passage in which this 
author informs us that Theophrastus regarded the Milky 
Way as the line where the two hemispheres, which, accord- 



* When the great Condd confined himself to milk as his sole nourishment, 
^ poet of the day, enumerated in Latin verse the true or imaginary proper- 
ties of the precious liquid. Fontenelle translated the piece of P. Commire. 
I shall here quote the verses relating to the Milky Way. 

Voyez ces astres dont ^ peine 

II parvient jusqu' a nous nn faihie lueur : 

C*est li^ ce mSme lait qui tomba par malheur 

Be la bonche du ^s d'Alcm^ne : 

£t comme il e{lt iti perdu, 

Jupiter mdnagea ces pr^cieuses gouttes : 

En astres 11 les changea toutes, 
£t da Chemin de Lait voili ce qu'on a su. 
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ing to him, compose the celestial vault, are united or solile 
together. The extravagance and absurdity of tliese cont 
tions is a reason for giving more prominence to a though 
Democritns, ngain brought forsvard and illustrated by 1 
nilius, which [ti-esents so much that is subtile, ingenious, i 
dii!icult to discover. According to these philosophers, if 
Milky Way shines with a lively lustre, it is because the s 
in it are too close upon each other for us to see them, c 
sidering their prodigious distance, one by one ; it is beca 
the images of so many stars greatly condensed are confouni 
with each other. 

Opinions of the Moderns : Galileo, TFriglit, Kant, Lamdert 
As soon as he directed one of his earliest telescopes towa 
the heavens, Galileo discovered multitudes of new stars. T 
sixth magnitude ceased to be the last limit of visibility. 1 
belt and sword of Orion, in which the Greek and Arab 
astronomers could count only eight of these stars, exhibited 
him upwards of eighty. The Pleiades exhibited tliirty-six 
him, iustead of the six or seven of the ancients. The Mi 
Way presented distinct stars, where nothing before had e 
been seen but confused lights. Thus, Galileo again revii 
the explanation of Democritus ; but supporting it by prec 
observations, he brought it out, to a certain point, from I 
domain of mere conjecture. Ever since it has been aim 
generally adopted. 

The explanation of Democritus and Manilius left entir 
aside circumstances, not less wortliy of the attention of ast 
nomers than are the light and whiteness of the Milky Ws 
I spealt of the/on« of the phenomenon, its continuity, and1 
almost perfect coincidence of its principal branch with c 
of the great circles of the sphere. A coincidence so sin] 
lar, a continuity so astonishing, cannot be the effect of chant 
these are two things which cannot but have physical caos 
The investigation, the profound study of these causes, see 
to have been a predominating object with Herschel. It is 
the form, in the position of the Milky Way, considered 
ways as an agglomeration of stars, that the illustrious ast: 
nomer conceived that he had discovered the secret of the cc 
str* ' trf the heavens. 
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Before analyzing the immense labours of Herschel relative 

'^ to the Milky Way, I ought to draw attention to the fact that 
three thinkers, if not three ohsrrvers, had preceded him in 
this career ; these are lT><|?//f of Durham, Kant, and Lambert. 
A few words will be sufficient to shew that these tlireo names 
do not deserve the oblivion into which it has been the custom 

■ to let them fall. 

I have been unable to procure Wright's memoir, and know 

^ not even the title of it ;• but 1 find at the date of 1755, in 
Snnt's Theory of the Hem-ens, tliat the Durham savant rejected 
all idea of a fortuitous and confused dispersion of stars, as 
irreeonciteable with the appearance of the Milky Way ; that 
Us aspect, on the contrary, led him " to admit a systematic dis ■ 
position of the stars around a ground plane.'' 

Kant, in accordance with the quotation just given, completes 
Wright's idea. He observes that the plane on both sides of 
which the stai-s are grouped, m\ist necessarily pass by the earth. 
"In admitting," he adds, "that the stars are nearer the plane in 
question than the other regions of space, our eye, in plunging 
into the starry plain, would believe that it perceives on the con- 
tour of the apparent vault of the fu-mament, the tvliole of the 
stars near the plane ; they wilt there form a zone which will be 
distinguished from the rest of the heavens by a gi'eater luminous 
intensity. This zone of light will extend itself in a great 
circle, since the eye of the observer is supposed to be in .the 
plane itself of the stratum of stars. The stars, finally, being 
very small and very numerous, will not be distinguishable 
one from another ; they will produce a confused light, of a 
uniform whitish colour ; in other words, a milky waj-. 

Kant was well aware that, in his hypothesis, the appear- 
ances of the starry heavens ought, to a certain point, to present 



* It lia« occurred lo oie at tUia moment to consult the recently pruiled 
catalogue of tlia library of Ilia Eojal Sorfety of Jjoadon, Qnd I find the fol- 
lowing: ' Wbioht (Thomas) t'lavie eaJeHit; beinj the eKplimlion of a 
diagram ontituled, A Synopaie of tKe Universe, ot the Visible World Epito- 
mized, 4to. London, 1743.' I do not know whether it is this book or that 
which I find iailiciited in Lalande's biography, under the title, T/it TKiQi-y of 
iht Vniwrtt, which Kant iias cited. Both of them we antwior to the work 
of the aetronomsi of EtBuigsberg. 

VOL, xxxui. NO, T.xvr.— OCTOBER 1842. v 
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something gradual. Thus he adds : " The regions not com- 
prised in the whitish track of the Milky Way, are the richer in 
stars the nearer they approach the centre of that track ; the 
greater part of the 2000 stars discernible in the firmament bj 
the naked eye, is included in a zone not very broad, of whieli 
the Milky Way occupies the centre." 

Kant condensed his ideas in the fewest words possible. 
when be called the Milky Way " tfie world of worlds." 

We likewise find an explanation of the Milky Way, in^'tht 
Coimotogical Letters published at Leipsic in 1761. From the 
contemplation of the Leavens, Lambert eame to the following 
conclusions : The system of the stars is not spherical : the stars, 
on the contrjiry, are arranged nearly in a uniform manner be- 
tween two planes extending in every direction, and corapaw- 
tively near each other ; our aim occupies a region but little 
remote from the immense stratum of stars. This is almoGt 
esaetly the whole of the hypotheses adopted by Kant in his 
Jfialory of the Heavens. How has it happened that six years 
after the publication of this work, Lambert has made no men- 
tion of the views developed in it \ And how la it that, 2fl 
years later, Herschel, when addressing himself to the same 
problems, neverallowedthenameof thephilosopherof Koenigs- 
berg, or of the geometrician of Mulhouse, to drop from hfa 
pen ? These are two questions which I cannot answer. 

HerscheVs labours on the Milk}/ fTai/.—l hasten to take op 
the minute analysis which Herschel substituted for the impw- 
feet sketches of his predecessors. 

We have perceived that the brilliant zone, the physkul 
cause of which the great observer wished to discover, may 
have nothing real in it. It has been shewn that it is very 
possible that it may be only a deceptive appearance, a simph 
effect of projection. It was not enough, therefore, to enume- 
rate the stars in the regions alone where they appear most 
condensed ; it was necessary to enquire if, in gradually w 
tiring from these regions, their number diminished with w 
[^ularity or without rule. Such a labour seemed to demand 
the united efforts of many generations of astronomers. Hw- 
schel, however, executed it alone, and in a few years, at least 
as far as the question of the Milky Way reqidred. The 
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method he followed lias acquired great celebrity from its re- 
sults. It was, besides, very simple, and consisted, according to 
the picturesque expression of the illustrious author, in gauging 
the heaxieni. 

In order to determine the comparative mean richness in stars 
of any two regions of the firmament, the oliserver made use of a 
telescope whose field embraced a circle of fifteen minutes di- 
ameter. Towards the middle of the fii-st of these regions, he 
counted successively the number of stars included in ten fields 
contiguous, or at least, very near each other. He added 
these numbers, and divided the sum by 10. The quotient 
was the mean richness of the region explored. The same 
operation, the same numerical calculation, gave him an analo- 
gous result for the second region. When this last result was 
double, triple,— decuple the firet, he legitimately deduced the 
consequence from it, that in an equal extent, one of these 
regions contained twice, three times, or ten times more stars 
than the other ; that it presented a condensation, a degree of 
richness, double, triple, decuple- 

Tlie gauging tables, or soundings of the firmament, which 
form part of a memoir printed in 1785, in the 75th vol. of the 
Phil. Trans., present regions where the mean number of stars 
embraced in the field of Herschel's telescope was only 5, 4, ■ 
3, 2, and 1. We even find some among which at least ^wr 
successive fields were required to meet with three stars. Else- 
where, on the contrary, these fields, although so restricted, — ■ 
these circular areas of 15' diameter, — contained 300, 400, 500 , 
and even 588 stars ! When the telescope was directed to- 
wards the most thickly peopled regions, the eye, applied to the 
glass, saw, in the short intervalof aquarter of an hour, 116,000, 
stars ! These numerical results are truly prodigious. The 
word prodigious, in relation to the uumber 116,000, will seem 
no exaggeration to any one who knows that the stars visible 
to the naked eye throughout the whole nights of the year, do 
not exceed about 5000, and that the ancients were acquaint- 
ed witli only 1022. The word will appear equally natural if 
we apply it to the 400, 500, and 600 stars seen simultaneous- 
ly in the telescope, provided it be kept in mind, that, with a 
diameter of 15', the field of the instrument embraced only a 
fonrlli part of the apparent surface o£ t:\ie avm- 
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The general aspect of the Milky Way, its form, and starry 
composition, deduced from telescopic observations, are ex- 
plained very simply, by supposing, with Herschel, that mil-' 
lions of stars, nearly at ecjunl distances from each other, form 
a layer or stratum, comprised between two even surfaces, 
parallel to, and near each other, but prolonged to immense 
distances ; that the stratum is thus very thin, compared witli 
the immense distances to which the two eveo sm-faces wbicli 
contain it extend in every direction ; that our sun, — that the 
star around which the earth revolves, and from which it does 
not far recede, — is one of the stars composing this stratum ; 
ihat we occupy veiy nearly the centre of it, both relatively 
to its thickness and to all its other dimensions. These aup- 
positions once admitted, it will be easily understood, that a 
visual ray, turned in the direction of the immense dimensions 
of the stratum, will there encounter everywhere a multitude 
of stars, or, at least, that it will pass so near them tliat they 
will seem to touch each other ; that, in the direction of its 
thickness, on the contrary, the number of visible stars will be 
comparatively smaller, and precisely in the relation of half 
the thickness to the other dimensions of the stratum ; that, in 
the passage of the visual lines coincident with the extended 
dimensions, to the transverse directions, there will he, in this 
respect, a sudden change ; that the greatest dimensions of 
the stratum will thus be found indicated, or, as it were, deli- 
neated on the firmament hy an apparent condensation of stars, 
by a maximum of manifest light, and a milky aspect ; linallyi 
that the maximum of light will appear to lie a great circle of 
the celestial sjihcre, since the earth may be considered aa the 
i'entre of this sphere, — since the stratum is one of its diame- 
tral planes, — and tbat every diametral plane of a sphere, every 
plane passing by its centre, necessarily divides it into two 
equal ports, or, what is the same thing, cuts it according to 
one of its great circles. The secondary arc, detached from 
the principal arc of the Milky Way, towai-ds Cepheus and Cas- 
siopea, and rejoining it between Scorpio and Sagittarius, dis- 
closes the existence of a stratum of stai-s farming a small 
angle with the principal stratum, and again meeting it near 
the region which the earth occiipies, and not extending beyond. 
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In short, if we see a much greater number of stars in cer- 
tain directions than in others ; if the regions with thickly 
placed stars form one of the great circles of the sphere ; if 
the principal arc is double for an extent of 120^*, — it is because 
we are plunged in a group of excessive extent and compara- 
tively very thin ; because we occupy very nearly the centre of it ; 
and because a second group of the same form meets the first 
towards the region where our sun, and consequently the earth, 
are situated. 

If we suppose that the stars of the Milky Way, taking them 
altogether^ are uniformly distributed throughout all the regions 
of this nebula ; if we admit, moreover, that the observer gauges 
this curious portion of the heavens with an instrument, whose 
power permits him to reach, in every direction, the last limits of 
the starry stratum^ the number of tars contained in the visual 
field of the telescope will be, in eacii obsei"vation, so intimately 
connected with the length of the line comprised between the 
eye of the astronomer and the terminal limit of the stratum, 
that one of these quantities may always be deduced, by calcu- 
lation, from the other. Herschel having gauged our nebula, 
and having estimated, as I have mentioned above, its riches 
in stars in all directions, was therefore in a condition to de- 
duce therefrom the corresponding linear dimensions. The 
table included in his memoir of 1785, gives the distance from 
the earth to the limits of the Milky Way, that from the earth 
to Suius being regarded as unity. 



/ 



one £tar^ the distance in question is 
10 stars 
20 ... 



When the field 
of the telescope > 
includes 



50 ... 

100 ... 

200 ... 

300 ... 

400 ... 

500 ... 

\ 600 ... 



. . 58 
127 

. . 160 

. . 218 

. . 275 

. . 347 

. 397 

• . 437 

. • 471 

. . 500 



Without, therefore, going beyond the limits of direct obser^ 
rations, the nebula is thus found to be a hundred times mom 
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extensive in one directiun than in another. The numbers ' 
which I have given are those wliicli the scrupulous observer 
has himself luude use of to give a section, and even a figurt, 
under three dimeniiions, of the vast nebula, in which 
figures as an insignificHnt star, and tlie Earth as an impercep- 
tible grain of dust. 

inil the Milkff Wa^ endure for ever in the form irt which tet 
now tee itf Does it not begin to shew sj/mplortis of dislocation 
and dissolution ? — Herschel has clearly established, by thou- 
sands upon thousands of observations, that the whiteness of 
the Milky Way proceeds, in the greater /art, from a^lomera- 
tions of stars, too small and too feeble to be distinguished 
separ.ifely. The diffused matter, mingled in cerbiiu propor- 
tions ivitli the stars, here plays a part as in many resolvable 
nebulsG ; but it is evidently a secondary/ part. 

Almost in every instance in which stars placed near eai!li 
other ai-e presented to our view without the apparent limits 
of the Milky Way, we have perceived that tbey tend to group 
themselves around many centres ; that they seem to obey, like 
the various bodies of our solar system, an attractive force ; that 
this force, in fine, has already produced, in certain rounijed 
groups, very considerable effects and concentrations. Why 
should the stars of this great nebula, of which we form a part, 
escape this kind of action more than the others ? If formariy 
tliey were uniformly distributed, this state must cease, and ap- 
proach its termination, more and more every day. Facts con- 
firm the results of reasoning. The stars, far from appearioj 
uniformly distributed o\er the whole extent of the Milky Way. 
have presented to Herschel, armed with his telescopes, 157 
distinct and circumscribed groups, which have taken their 
place in the catalogue of nebulse, without reckoning eighteen 
analogous groups situated on the edge of this same zone. 

Any one who examines with his eye, during a dark and very 
clear night, the portion of the Milky Way comprised between 
Sagittarius and Perseus, may remark in it eighteen regions 
perfectly characterized by the particular brilliancy of their 
light. 

1 shall here mention a few of these : 
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There exists — a vety brilliant spat under the arrow of Sa§Utariu*^ 

hece is — a very brilliant one in the shield of Sobieeki. 
We perceive — a brilliant one to the nortli and a little to the west of the 

three stars of Aquila, 
We notice one long and feeble which follows the shoulder of Ophiu- 

chus. 
We remark — three brilliant ones near the stars «, fi, and y of Cygnus. 
We distinguish three towards and within Cassiopea. 
There is a very brilliant one in the hilt of Perseus' Sword. 

(Between « and y of Cassiopea^ there exists a very obscure place.) 

No portion of the Milky Way resolvable by the telescope, 
)ias exhibited to Herschel more manifest indications, and on 
a larger scale, of the clustering power of stars, than the space 
which separates /S and y of Cygnus, By gauging this space, 
according to the method already described, for a breadth of 
about 5 degrees, Herschel found that 331 thousands of stars 
inight be counted in it. This immense group already pre- 
sents a kind of division ; 165 thousand stars appear to pro- 
ceed to one side, and 165 thousand to the other. 

Everything, therefore, justifies the opinion of this illus- 
trious astronomer. In the series of ages, the clustering power 
will inevitably bring on the fracture, rupture, and dislocation 
of the Milky Way. 

Some 'Remarks on the Ancient Peruvians, By Samuel George 

Morton, M. D.* 

In my work on American skulls (Crania Americana), I 
have expressed the opinion that the heads of the ancient Pe- 
ruvians were naturally very much elongated ; and that they 
differed in this respect from those of the Inca Peruvians, and 
other surrounding nations ; and having given this opinion at a 
meeting of the Academy prior to the publication of my work, 
I take the present occasion to renounce it. 

In the American Journal of Science, for March 1840, 1 have 
already, in a brief note, adverted to this change of opinion ; 
and I now repeat my matured conclusions in connection with 
positive facts, derived from the work of a distinguished tra- 
veller and naturalist, M. Alcide D'Orbigny. 

* Communicated to the Academy of Natural Sciences of Philadelphia. 




Ptmarki on lite Ancient Peruciatte. 

Tbb gentleman not only vUited the elevated table-tand rf 
the Andes, which was once iuhabited by the ancient PeruviaiK, 
but he remained a long time in that interesting region, aud 
has collected numerous facts in relation to the people them- 
selves. I 

1. The descendants of the ancient Peruvians yet iidwUt 
the land of their ancestors, and bear the name of Aymarai, 
which was probably their primitive designation. 

2. The modern Ay ma ras resemble the surrounding Quicliua 
or Peruvian nations in colour, fi;^ure, features, expression, shape 
of the bead (which they have ceased to mould into artificial 
forms), and in fact in every thing that relates to physical con- 
formation and social customs : their languages differ, but even 
here there is a resemblance which proves a common origin. 

3. On examining the tombs of the ancient Aymaras, in tiie 
environs of the lake Titicaca, M. D'Orbigny remarked tliat 
those which contained the compressed and elongated skulU. 
contained also a greater number that were not flattened ; 
whence he infers that the deformity was not natural, or cha- 
racteristic of the nation, but the result of mechanical conipres- 
siou. 

4. It was also remarked that those skulls which were flat- 
tened were uniformly those of men, while the heads of the 
women always retained the natural shape, — the squared or 
spheroidal form which is characteristic of the American race, 
and especially of the Peruvians. 

5. The most elongated heads were found in the lai-gest and 
finest tombs ; shewing that the deformity was a mark of dis- 
tinction among these people. 

6. The researches of M. D'Orbigny confirm the statements 
made at distant intervals of time by Pedro de Cieza, Garcilaso 
de la Vega, and Mr Pentland, and prove conclusively, what I 
have never doubted, that these people were the architects of 
their own tombs and temples ; and not, as some suppose, in- 
truders who had usurped the civilization, aud appropriated the 
ingenuity of an antecedent and more intellectual race. 

M, D'Orbigny found temples trom 100 to 200 metres in 
length, facing the east, and ornamented with rows of angular 
columns; enoi-mous gateways made of a single mass of rock. 
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alid covered with bas l!*6liefs ; colossal statues of basalt ; and 
large square tombs, wboUy above ground, and in such num- 
bers that they are conipared to towns and villages. 

My published observations go to shew that the internal ca- 
pacity of the cranium, as indicative of the size of the brain, is 
nearly the same in th(b ancient and modem Peruvians, viz., 
about seventy-six cubic inches — a smallness of size which is 
without a parallel among existing nations, excepting only the 
Hindoos. 

M. D'Orbigny even supposes the ancient Peruvians to have 
been the lineal progenitors of the Inca family ; a question 
which is not yet decided. Supposing this to be the fact, we 
may inquire how it happens that the Incas should have so en- 
tirely abandoned the practice of distorting the cranium ; espe- 
cially as this, among the Aymaras, was an aristocratic privi- 
lege 1 

I was at first at a loss to imagine how this singular elonga- 
tion of the head was efifected ; for when presstire is applied 
to a spheroidal head, as in the instance of the Ch^nouks and 
other tribes of the Columbia river, the skull expands laterally 
in proportion as it is depressed above ; whereas, in these 
people, the head is narrow from the face to the occiput. It 
Seems probable that this conformation was produced by 
pljgLcing splints or compresses on each side of the head from 
the cheek bones to the parietal protuberances, and another on 
the forehead, and confining them by rotary bandages. In this 
way thd face, in the process of growth, would be protruded 
in front, and the head elongated backwards ; while the skull 
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in all otber directions, could expand comparatively little, 
These remiirks will be more readily understood by referenot 
to tlie annexed outliiies, which are taken from a cast of one of 
the skulls obtained by Mr Pcntland. 

Dr Goddard has suggested to me that the deformity observ- 
able in this series of crania, might have been produced by the 
Action of rotary bandages alone without the use of splints or 
compresses. I admit the possibility of this result in some of tha 
heads, but think that in others there is satisfactory evidence 
of the use of the splint or compress, especially on the 08 frontifi. 

I have in my possession six casts of heads and three skulls 
of these people, all of which present the peculiarly elongated 
form in question. 



Profetsor t'Di-bes' Account of his recent Observations on Gla- 
ciers. Communicated in the following Letters to the Editor, 
Professor Jaubson. 

Couhmatel-r, Piedmont, irh JiUy IB12. 
My Dear Sir,— Knowing that you will be glad to hear of 
my safe arrival amongst the Alps, and of my farther proceed- 
ings, I hasten to give you an account, in a few words, of what 
I have as yet done. Finding the season more than usually 
advanced, I hastened to reach Chamouni, in order to ascertain 
whether the Mer de Glace was as yet accessible in all its ex- 
tent ; and I arrived at the Montanvert on the 24th Jane, and 
remained there for a week. I was fortunate enough to con- 
vey all my instruments to their destination, without, I believe, 
injury to any one of them. The Mer de Glace, so continually 
visited by the curious, but so little studied, seemed to me to 
offer great advantages for the prosecution of the objects which 
I proposed to myself. At first sight it appeared to me steeper 
and more crevassed than I recollected it to be, and I doubted 
for a moment whether it was adapted for my experiments ; 
but that doubt vanished upon closer examination ; and in the 
course of the single week which I have been able to spend 
there, being favoured by most excellent weather, I have ob- 
tained results so far definite and satisfactory, that, imperfect 
as they necessarily are, and only the commencement of 
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I expect to accomplish during the remainder of the season, I 
wUl'State them shortly. 

You will recollect that, in my lectures on glaciers delivered 
last December and January, and afterwards in an article 
written by me in the Edinburgh Review, I insisted on the 
importance of considering the mechanism of glaciers as a ques- 
tion of pure physics, and of obtaining precise and quantitative 
measures as the only basis of accurate induction. I pointed 
out, also, the several experiments of a critical kind which 
Plight be made ; such, for instance, as the determination of the 
motion of the ice at different points of its length, in order to 
distinguish between the theories of De Saussure and De Char- 
pentier ; for, if the glacier merely slides, the velocity of all its 
points ought (in the simplest case) to be the same ; if the gla- 
cier swells in all its mass, the velocity of the inferior part 
ought to be greatest. Of course, I do not now advert to the 
many causes which might accidentally invert this law, and 
which would require to be fully taken into account ; still less 
do I mean to say that any thing I have now to state can be 
considered as critically decisive between rival theories ; but 
my experiments certainly do shew that the kind of precision 
which I desired to see introduced into reasonings about this 
subject, is practically attainable, even in a far higher degree 
than I expected. 

For example : — The motion of glaciers by the measurement 
of the distance of blocks upon its surface from a fixed point, 
from one year to another, has marked indubitably the annual 
progress of the ice. I do not know that any one has at- 
4^mpted to perform the measurement in a manner which could 
lead to any certain conclusion respecting the motion of the 
ice at one season compared with another, or from month to 
month ; still less has any one been able to state, with precision, 
whether the glacier moves by starts and irregularly (as we 
should certainly expect on the sliding theory), or uniformly 
and evenly ; and if so, whether it moves only at one part of 
the twenty-four hours, and stands still during the remainder 
(as we should expect on the dilatation theory, as commonly 
expounded). Now, I have already been, able — 

1*/, To $bew and measure the glacier motion not only from 
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ilaj/ to day, but from /lour lo hour ; bo that I can tell nearly 
what o'clock it is by the glacier index. That you may h&ve 
:in idea of the coincidence which these experiments preseat. 
! give you tlic longitudinal motion of a point on the Mer d« 
Glace during four conseoutive days- 

15,3 inches. 16.3 inches. 17-5 incites. 17-4 inchfls. 

2rf, This motion, evidently incompatible with sudden starts, 
t;ikes place in the glacier as a whole, undisturbed by the moat 
cnonnons dislocations of its surface, for these measures were 
tiiken where the glacier was excessively crevassed. 

3'/, This motion goes on day and night, and if not with ab- 
solute unifonnity, at least without any considerable anomaly. 
On the 28th-29th June the motion 



from 6 r, m. to 6 a. m. was 8.0 inches, 
,,. 6 A.M. to 6 P.M. ... 9.5 ... 
, ... 6 P.M. to 6 A.M. .,, 8.3 ... 
,.. 6 A.U. to 6 P.M. ... 8.9 ... 
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Eeeniing to shew a greater motion during the day- 

4M, In the particular case of the Mer de Glace, the higher 
purt (the Glacier de Lechaud) moves slower than the lower 
part near the Montanvert in the proportion of 3 to 5. 

iith, The central part of the glacier moves faster than the 
edges in a very considerable proportion ; quite contrary to the 
ojiinion generally entertained, 

There cannot be a doubt of the accuracy of these results 
icithiit the limita in which the experiment has been made. 
They prove how completely problems of a purely physical 
character admit of accurate investigation ; and when a larger 
induction shaft have freed the results from local errors, it is 
evident that we shall have the solid foundations of a theory. 
My wish to see the total eclipse of the sun on the 8th, has 
brought me to the south side of the Alps sooner than I could 
have wished ; but I have now fixed so many points on the 
Mer de Glace, that, on my return thither, I shall be able to 
obtahi more comprehensive results. But what is most im- 
portant in Ihe whole matter is this, — that an observer fur- 
uibhfid with the proper instruments and methods may, by 
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mding a few days on a glacier, determine at finj- particular 
itm. the amount of its motion at all the essential points, 
Imi the limits which any glacier theory can require. 

Chahooni, 10(A Avgait 1842. 

t3ear Sir, — Since I last wrote to you on the 4th July 
[jurmayeur, I have ezamiaed, in detail, the two princt- 
siers of the AUee Blanche ; and having re-crossed the 
am Courmayeur by the Col du Geant, where 1 had the 
tion of still finding the remains of Saussure's Cabanc of 
IS, I have pursued for a fortnight my experiments on the 
Iton of the Mer de Glace. Being composed, as you know, 
l^veral tributaries which are in some degree Independent, 
I presenting also a considerable variety of surface, this 
||u>r seems as proper as any for detailed experiments, such 

Eise which I am attempting. Being about to quit this 
on a tour to Monte-Rosa and the glaciers east of the 
St Bernard, I wish to explain to you now in what re- 
tny observations differ from those formerly undertaken 
rglaeieru, and to mention a few results, which, qf course, 
:u yet only partial, ought not to be considered as alto- 
I '(i^ive of the truth or falsehood of any theory; still 
i| will be admitted that the facts established in my 
I Mliieh farther experience has confirmed), militate 
J a i list some of the received opinions as to the cause 
■ I'lotion. 

ire, that, in my lectures on glaciers in December 

IHi-y last, and in an article in the Edinburgh Review 

, I insisted, and so far as I kitow it was for the first 

the importance of coasidertng the glacier theory as a 

fmechanictil physics, by which I mean that the cause 

|ient should be ascertained inductively from the ob- 

I, carefully and numericaHy ascertained at differ- 

|2t is because authors have considered the problem 

"a one to require a systematic analysis, that we 

odiing done in this respect ; and it may he affirm- 

Dy disrespect to the ingenious persons who have 

«J9le cwiBea for the movement of these masses of 

solutions have been, like the astronomical theorie" 
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of the earlier cosmogonists, basecl upon somewhat vague VMe 1 
logies with better understood phenomena, as when the analog}) 
of magnetic attractions seemed to offer a parallel in the mv- 
(.-hanism of the heavens in the theory of GUbert, and that (rf 
fluid currents gave rise to the Cartesian vortices. The New* 
tonian theory was based upon its coincidence with the en^mr 
eal laws of planetary motion. We have as yet no empirical laws 
of glacier motion, consequently no proper mechanical theorj 
can as yet be adequately tested. I endeavoured to point out 
in my lectures how a mechanical theory might be deduced 
from observation, and how these observations might be prac- 
tically made. I believe that I have also obtained for the first 
time, the numbers on whose importance I insisted. I am not 
aware that any one had hitherto proposed to determine the 
diurnal velocity of a given point of a glacier with reference to 
three co-ordinates- The analogy with the empirical laws of 
astronomy is both striking and just ; an exact acquaintance 
with the path described by any molecule of a glacieCi will 
almost as certainly lead to a knowledge of the cause of its 
motion, as the theory of gravitation sprung from the three laws 
of Kepler. We have to deal, indeed, with an effect more com- 
plex and varied ; but the results contained in my last letter, 
already shew bow much of numerical precision may be attained. 
1 have already determined the diurnal motion of 10 points of 
the Mer do Glace with a probable error, not exceeding, I think, 
i quarter of an inch in any case ; and when these observations 
shall have been pursued, as I expect to do, until the end of 
September, there will be a tolerable basis for soimd specula- 
tion. 

In particular, you will recollect that I pointed out last wint«r 
two experiments for distinguishing between the prevailing 
theories of De Saussure and De Charpentier, those of gravita- 
tion and of dilatation. One was the exact measurement of a 
space along the ice to be measured after a certain time, in 
order to ascertain whether any expansion had occurred. The 
other was the detenni nation of the linear velocity of the glacier 
at any point, which, on the theory of Saussure, ought (if the 
glacier be of nearlyuniform section) to be uniform throughout; 
on the theory of Chai-pentier it ought to increase i 



1 



Obgervations on filacitn. 34a 

nothing Bt the upper extremity of the glacier, to a maximum 
at its lower end. Tlie former experiment had, I have since 
learned, been suggested by Professor Studer to M. Escher last 
year, and attempted to be put in practice (though unsuccess- 
fully) by the latter, on the glacier of Aletsch. Admitting 
Charpentier's theory, however, this dilatation would be too 
small to be successfully observed in a moderate time, and with 
the geometrical methods which the uneven and varying surface 
of the glacier enables us to employ ; I have therefore not at- 
tempted it. The other method, in fact, embraces both ends ; 
for if the movement of the glacier in its upper and lower part 
be (letermined (by upper I mean near its origin), the differ- 
ence of the motions determines the dilatation or contraction 
of the intermediate part of the ice, and is liable to none of 
the great errors arising from the measurement of long distances. 
The observation, in the simplest and best form which I em- 
ploy, resembles perfectly that of determining with the transit 
instrument the progress of a planet. 

I have already said that my later observations confirm those 
which I previously communicated ; any variations, indeed, 
arise solely from a change of circumstances or season, and not 
from errors of observation. (1.) The continuous impercep- 
tible motion of the glacier is entirely confirmed ; its bearing 
upon the sliding theory is very obvious. (2.) This motion is 
not by any means the same, however, from day to day and 
from week to week, as indeed already appeared from my first 
results. (3.) This variation of motion appears to be common 
to every part of the glacier, as well where compact and com- 
pletely even, as where most fissured ; nor perhaps is the va- 
riation of velocity greater in one case than in the other, 
(4.) From numerous' observations, made in all parts of the gla- 
cier, it invariably results as before, that the centre moves 
faster than the sides of the ice-stream. In the lower and 
faster moving part of the glacier this disproportion is great- 
est, varying from one-third to one-half of the smaller velo- 
city. Near the origin of the glacier it appears to be one- 
fourth or one-fifth of the smaller velocity. (5.) The variations 
of glacier motion affect the central parts most sensibly, 
^rifti} The greatest daily motion which 1 have observed, nearly 
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opposite the Montanvort, amounts to 27.1 inches. (7-) 
ascertained the velocity of motion much nearer the origin of 
the glacier than when I last wrote. This, which would appear 
to be nearly, if not quite an experimenluni crucis between the 
sliding and dilatation theories, does not yield a result so favour- 
able to the latter as I had at first supposed ; for though it is 
undoubtedly true, as stated in my last, that the head of the 
glacier inoves slower than the foot, the middle part moves 
rather slower than either, owing probably to the greater width 
and thickening of the ice there. This source of error from 
the varying section of the glacier I had fully anticipated ; but 
still, when we push the experiment to a limit, and take the 
velocity very near the origin, the velocity ought to diminish, 
on the theory of Charpentier, with a rapidity not to be mU- 
taken. Yet very neai' the head of the Glacier de Lecliaud, 
the diurnal velocity is considerably more than a foot per day. 
I am far, however, from thinking that I am yet in a position 
to judge finally of the merits of any theory ; my belief is, 
that both of those cited will as yet require gi'eat modification. 
By insisting upon the treatment of the problem as one of 
pure mechanics, I am far from denying that the kind of in- 
vestigations to which the glacier theorists have hitherto al- 
most exclusively referred, are also of great value, such as 
those on the temperature and structure of the ice. The latter, 
in particulai', is a sort of standing evidence of its mechanism, 
and, rightly understood, must lead to the most important con- 
firmation of any mechanical theory. This you may believe 
I have made an object of very particular attention. I have 
now examined so many glaciers as to have a very clear idea 
of the empirical laws which that structure follows. Lately, I 
begin to perceive a connection between that structure and the 
facts of motion aheady cited. If these two classes of facts 
can be well brought into harmony with one another, we should 
have a very good chance of consolidating them into something 
like a theory. In my nest letter, I will give you some ac- 
count, at all events, of my observations on the subject, which 
are sufficiently deiinite, and probably also (without consider- 
ing it as proved), of what seems likely enough to be its true 
explanation. I go to-morrow to the Great St Bernard, 
meet M. Studer. — BoVievc t\\?, vetv 'svwc'^tA'j \q\k&, 
" 7i ^v»,^s-^ 
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^^H Zlruatt, NoFib Side ofMonle tia^a, 

2U An<iMl 1842. 
Mr Deak Sir, — I arrived here two days ago by a very iii- 
lerestiug and unfrequented route. I mentioned in luy lust, 
that M. Studer and I liad agreed to visit together the valley« 
eastward of the Great St Bernard. The Convent was our 
jilace of rendezvous, and we afterwards descended to Orsi^res, 
and turned into the Valley of Bagnes, Crossing the Alpine 
chain at the head of the valley, by the Col de Fenf-tres, we 
went down to Valpelline on the Italian side, and ascended 
that valley quite to ita origin, AVe then crossed to the west- 
ern hranch of the valley of Erin, by tho Col de Collon or Arolk, 
a very striking glaeier pass. Thence M. Studer went to the 
Vul d'Aoniviers, and rejoins me here by the waj" of Visp, 
wliikt I ascended the other branch of the Eringer Thai from 
Evolena by way of the Ferpecle glacier, and crossed over the 
mountains to this place, by a pass higher and much longer than 
the Col da Geant, which presents, certainly, the grandest views 
1 have hitherto met with in the Alps. 1 must not, however, 
stop to describe, as iny present object is to fullil the promise 
in my last respecting the .structure of glacier ice. 

The internal veined or ribboned structure presented by all 
glaciers in a greater or less degree, appears to be the only tru9 
essential structure which they possess, and which, you will re- 
collect, I described in a paper printed in your Journal for Janu- 
ary last. The existence of granules divided by capillary lis- 
siu-es, as well as of large crevasses, are equally unessential to 
glacier structure, and subordinate to the other. Whatever 
other result may flow from the examination of glaciers this 
summer, by the many persons who are probably at this mo- 
ment directing their attention to them, this, I am sure, will 
)te admitted, that the veined structure is not peculiar to some 
glaciers, as some would maintain, nor to some yeai-s, as has 
been alleged by others ; but that it is perfectly general and 
systematic, having one general type or foiTU, which is varied 
according to external mechanical circumstances. Being then 
the most essential and intimate part of the glacier formation, 
as well a^ one of its most obvious and universnl features (espe- 
cially on those glaciers which are most commonly visited), it 
. xxxiii. >o. Lxvi. — ocTonuR AH4'i. x 
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is equally singular that it should ntt have been sooner noticeJ, 
or if notice*], never once alluded to by the emineDt and inge- 
nious authors who have tieated of existing glaciers and their 
effects. 

With respect to the general type or form of this structure, 
I am happy to say, that I have found not the slightest reason 
to modify the description which I have given in the paper 
above alluded to of the conformation of the glacier of the 
Rhone. The description is ■ characteristic, not of that glacier 
only, but of every other, with certain modilications similar to 
the variation of the parameter of a curve; variations, therefore, 
not in kind bat in degree. The most beautiful structure 1 
have ever met with is in the glacier of La Brcnva in the 
All^e Blanche, which was one of the earliest I examined this 
season, and in which I found all that 1 had seen, though im- 
perfectly, on the glacier of the Rhone (which it resembles m 
the circumstances of being derived from an icy cascade, and 
in having a considerable breadth in proportion to its length), 
developed in a manner so clear and so geometrically precisei 
as gave me the most lively satisfaction. I refer to my former 
paper for the figure and description of that structare ; I havt 
found the same conotdal surfaces, and the same false appear- 
ance of horizontal stratification on the terminal face of the 
glacier, arising from the veins dipping inwards at first at m 
angle of only 5^ rising to 10°, 20°, up to 60° and 70% if we fill- 
low the medial line of the glacier, or axis parallel to its length. 
The sides of the glacier, in like manner, have their cleavage 
planes or veins dipping inwards towards the centre at an angle 
determined by the declivity of the rock or moraine which sup- 
ports them, gradually becoming more vertical as the centre of 
the glacier is approached, where they twist round by degrees, 
so as to become transverse to its length, and to form part of 
the system of planes dipping inwards first described. Fig. 1 
exhibits a section parallel to the length. Fig 2, a tranaveiM 
section. 
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You ar6 already aware that this structure consists in the 
ilternation of more or less perfectly crystallized ice in paral- 
el layers, often thinning out altogether like veins in marble, 
lot unfrequently parallel and uniform like a ribboned calce* 
lony or jasper. 

I will, for brevity, merely state the modifications which this 
iVindamental type undergoes, bringing together glaciers of all 
3lasses,but reserving the detail of examples and proofs, of which 
ny experience has already furnished me with a great number, 
:o another occasion. If a glacier lies long and narrow, as the 
Lower Aar, or the Mer de Glace of Chamouni, the frontal dip 
s the least conspicuous part of the phenomenon ; and if it 
terminate in an icy cascade, as in the second case, it might 
escape observation altogether. The vertical planes parallel 
to the length, or nearly so, usurp nearly all the breadth of the 
glacier, and only in the centre is a narrow space, where not 
unfrequently the structure appears quite undefined. I have 
satisfactorily made out, however, in every glacier which I 
have had the means of examining with that view, that the 
conoidal structure, however obscured, exists in all parts of the 
true glacier, modified, according to its length and breadth, in 
the manner which figs. 3 and 4 indicate. I need not add, that 



Fig. 3. 



Fig. 4. 





these rude sketches are not intended to be considered as rigor- 
ously exact, but only to explain generally my meaning. 

There is yet another modification, but only a modification, 
o? th6 above, namely, in the case of extremely steep glaciers, 
but which are coherent, and not crevassed into pyramids. 
There ftfe numberless examples of these in all the hi^^er tal* 
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lies of the Alps, which do not descend in)o tlie hollows, ! 
festoon the steep sides of snowy mountains. They are, Ifl 
lieve, wliat Soussure called glaciers of the second order, lil 
havn no relation to iife{», so far as I can attach a me 
that torm. They are of hard Ice, and almost invariably p 
sent an appearaneo of stratification parallel to the soil on 
which they rest. This stratification is only apparent; the 
cleavage planes dip forwards and outwards, instead of dipping; 
inwards, as in the terminal portion of glaciers of less inclina- 
tion. The surfaces of crystallization have, in this case, abso- 
lutely the form of a scallop-shell, the hp or front being always 
inclined below the horizon. I attach importance to the com- 
munity of feature in glaciers of every form and inclination, be- 
cause it indicates that the origin of the structure cannot be 
unimportant, considering iU generality ; and in this particular 
case of small sfeep glaciers, it appears, I think, that M. de 
Charpeotier, who has justly denied the stratification of gla- 
ciers in general, has wrongly admitted the existence of strata 
in the case in (juestion, which he regards as foraied by the in- 
tercalation of mud from the soil in some manner, wliich, if I 
recollect rightly, he does not very clearly describe. Now, 
these seeming strata of inud I have examined in a multitude of 
cases, and found invariably to result merely from the percola- 
tion of dirt from the moraine, sometimes even accompanied tj' 
small fragments of rock, into the more spongy and less crys- 
talline veins of the glacier mass which already existed: and 
the proof is, that, hy cutting ivith a hatchet, we gradually 
gain the pure ice, equally veined with the exterior, but not 
discoloured. I may observe, in passing, tliat the fissures 
which, in the lower part and near the sides of glaciers, form 
the granules, about which so much lias been written, are stop- 
ped by the independent formation of the veins in the ice, whidi 
thus d>.mon5trate their prior origin.'' 

One afternoon 1 happened to ascend higher than usual 
above the level of the Mer de Glace, and was struck hy the 
appearance of discoloured hands traversing its sm-face nearly 
in the form indicated in fig, 4. These shades, too indistinct to 1 e 
noticed when near or upon the surface, except upon very care- 
ful inspection, are very striking and beautiful when ^een at a 
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BvstBuce by a light not too strong, as in the afternoon or by 
moonlight. Tliey are evidently ban<l3,of dirt on the surface 
of the ice, having nearly the form of very elongated parabolas 
merging in the moraines on eiUier side, widest apart from one 
another in the centre, and confounded towards the edge. For 
some time I was at a loss to conceive how these sort of false 
moraines could spread from side to side of the glacier, but I 
at length assured myself that it was entirely owing to the 
structm-e of the ice, which retains the dirt diffused by ava- 
laQcbes and the weather on those parts which are most porous, 
whilst the compacter portion is washed clean by the rain, so 
that these bands ai'e nothing more than visible traces of the 
direction of the internal icy structure, and of course corre- 
spond with what has been already stated as to the forms in 
which the conoidal surfaces intersect the plane of the glacier. 
I counted distinctly si.\teen of these bands on the surface of 
the ice then in view. I afterwards traced tliem to the higher 
part of the ice-field ; and the only distinction which I there 
observed was, that the loops of the curves were less acute, or 
more nearly circular, tig. 5- All glaciers do 
not shew this external evidence of their stmc- Fig. 5. 

ture equally, as there are some glaciers which 
possess the structure itself more developed than 
others. The cause of the dazzling whiteness 
of the Glacier des Bossons at Chamouni is 
the comparative absence of these layers of gra- 
nular and compact ice ; the whole is nearly of 
uniform consistence, the particlesof rock scarce- 
ly find a lodgment, the whole is washed clean 
by every shower. The superficial bands are 
well seen on the Mer de Glace of Chamomii, 
and, to quote another example, one of the last I have seen 
very admirably on the Glacier of Ferpecle in the Valley of 
Krin, where I counted above thirty in view at once. 

I am quite persuaded that these hands, and of course the 
structure which they represent, have their origin in the move- 
ment of the glacier; and if the laws of movement, ascer- 
tained independently, shall coincide with, cr confirm, the phc- 
imena of alructure, we shall be belter able, f vom. t.h« com'^it- 
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risnu of the tMU cltuises uf fauts, to decide upon tlie cmtut of 

movement. 

What I have liith^rto stated is matter of /act. I will state 
very briefty what 1 aiu disposed to deduce by way of hypo- 
thesis. 

It in impossible to consider these structural baiius on tbe 
surl'Kce of the glacier, in combination with the fact esta,bli3he(l 
in my former letters, that the centre of the glacier moves con- 
siderably faster than its edges, without believing that the 
bands are ^n indication of tlie motion, and that the motiun 
gives rise to the veined structure. These dirt-bands perfectly 
regemble those of frolh and scum which every one has seen 
upon the surface of slowly-moving foul water; and their figure 
ut once gives the idea of fluid motion, freest in the middle, 
obstructed by friction towards the sides and bottom. It will 
be found that the analogies are entirely favourable : the gla- 
cier struggles between a condition of fluidity and rigidity. It 
cannot obey the law of semifluid progression (maximum velo- 
city al the centre, which is no hypothesis in the case of gla- 
ciers, but a fact ■, without a solution of continuity perpendicu- 
lar to its sides. If two persons hold a sheet of paper, so as to 
be tense, by the four corners, and one moves two adjacent cor- 
ners, whilst the other two remain at rest, or move less fast, 
the tendency will be to tear the paper into shreds parallel to 
tbe motion ; in the glacier, the fissures thus formed are filled 
with percolated water which is then frozen. It accords nitii 
this view, I. That the glacier moves fastest in tbe centre, 
and that the loop of the curves described coincides (by ob- 
servation) ^ith the line of swiftest motion. 2. That tbe 
bands are least distinct near the centre, for there the dif- 
ference of velocity of two adjacent stripes parallel to the 
length of the glacier is nearly nothing; but near the sides, 
vvhore the retardation is greatest, it is a maximum. 3. It 
accords with direct observation (see my last Letter), that the 
differetice of velocity of the centre and sides is greatest n«ar 
the lower extremity of the glacier, and that the velocity is more 
nearly uniform in the higher part ; this corresponib to tbe 
less elongated form of the loops in the upper pat't of fig. o- 
4^^ tjie highest part of such glaciere, lu the curves bee 
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ess bent, the structure also vanishes. 5. In the wide saucer- 
shaped glaciers already spoken of, which descend from moun- 
tain-slopes, the velocity being, as in shallow rivers, nearly uni- 
form across their breadth, no vertical structure is developed. 
On the other hand, the friction of the base determines an 
apparent stratification, parallel to the slope down which they 
fall. 6. It also follows immediately (assuming it as a fact 
very probable but still to be proved, that the deepest part 
of the glacier moves slower than the surface), that the fron- 
/a/ dip of the structural planes of all glaciers diminishes to- 
wards their inferior extremity, where it approaches 0, or 
even inclines outwards, since there the whole pressure of 
the semifluid mass is unsustained by any barrier, and the ve- 
locity varies (probably in a rapid progression) with the dis- 
tance from the soil ; whilst, nearer the origin of the glacier, 
the frontal dip is great, because the mass of the glacier forms 
a virtual barrier in advance ; and the structure is compara- 
tively indistinct for the same reason that the transverse struc- 
ture is indistinct, viz. that the neighbouring horizontal prisms 
of ice move with nearly a common velocity. 7. Where two 
glaciers unite, it is a fact that the structure immediately be- 
comes more developed. This arises from the increased velo- 
city, as well as friction of each, due to lateral compression. 
8. The veined structure invariably tends to disappear when a 
glacier becomes so crevassed as to lose horizontal cohesion, as 
when it is divided into pyramidal masses. Now, this imme- 
diately follows from our theory ; for so soon as lateral cohesion 
is destroyed, any determinate inequality of motion ceases, each 
mass moves singly, and the structure disappears very gradu- 
ally. 

I might add more illustrations ; but let these suffice for the 
present. It is not difficult to foresee, that, if my view should 
prove correct, a theory of glaciers may be formed, which, with- 
out coinciding either with that of Saussure or Charpentier, 
shall yet have some thing in common with both. Whether 
that of M. Rendu may not avail something, I am unable to 
say, not yet having been able to procure his work. 

It yet remains to decide, what is the cause of the succession 
of dirt-bands at considerable distances on the* surface of iiie 
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gliicier, iudicating the succession of waves of more or less 
pact ice. In all the glaciers where I have yet distinctly ol- 
served them, they appear to follow a regulated order of dis- 
tances, uearly the same for a considerable space, but closer the 
farther we ascend the glacier, I cannot help thinking tliat 
they are the true annular rings of the glacier, which mark its 
age, like those of a tree, only increasing instead of diminishing 
in breadth as the ice grows older, coinciding again with tlie 
fact which I formerly established, that the higher jjart of a 
glacier moves, generally speaking, more slowly than its lower 
extremity- The different states of the glacier at different 
seasons, the presence or absence of snow, or even the simple 
difference of velocity at different seasons, would be sufficient 
to account for this alternation of stnictiu-e. There is no cause 
so likely to produce it as some annual change. I may add. 
that some observations which I have already made on the dis- 
tances of these bands, as well as information which 1 have en- 
deavoured to collect, lead me at least to have some doubt as 
to the correctness of the opinion generally entertained that 
the glaciers are stationary in winter, perhaps even, tliat there 
is any very great inequality in their maich at different times 
of the year. I am, ray dear Sir, yours very truly, 

James U. Furbek' 
rrofessor J am e so .v. 
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Notes on Ike Effects produced by the Ancient Glaciere of Ct 
narvonahire, and oh the Boulders transported by Floating 
Ice.* By Charles Darwin, Esq., M.A., F.R.S. and F.G.S, 

GuiDEoandtaughthy the abstract of Dr Hucklanrt's memoir 
" On Diluvio-Glacial Phenomena in Snowdonia and the ad- 
jacent parts of North Wales, '"+ I visited several of the lo^ 
litieB there noticed ; and having familiarized myself with si 



• From the Philosophicul MagnBino, vol. ixi. No. 137. 
Retul before tlie Geological Society, IStli Deceniber IHl ; and U 
n ii psblUhel in the Atbenvum, 1843, p. 43. 
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Ithe appearances described, 1 have ]>eeii enabled to make a 
few additional observations. 

Dr Buckland has stated, tiiat, a mile east of Lake Ogwyn, 
there occura a series of mounds, covered with hundreds of large 
blocks of stone, which approach nearer to the condition of an 
undisturbed moraine than any other mounds of detritus noticed 
by him in North Wales. By ascending these mounds, it is, 
indeed, easy to imagine that they formed the north-western 
lateral moraine of a glacier, descending iti a nortli-east line 
from the Great Glyder mountain. But at the southern end of 
Lake Idwcll, the phenomena of moraines are presented, though 
on a much smaller scale, with perfect distinctness. On entering 
the wild amphitheatre in which Lake Idwell lies, some small, 
conical, irregular little mounds, which might easily escape at- 
tention, may be seen at the further end. The best preserved 
mounds lie on the west side of the great, black, perpendicular 
ftice of rock forming the southern boundary of the lake. They 
have been intersected in many places by streams, and they are 
seen to consist of earth and detritus, with great blocks of rock 
on their summits. They at first appear quite iiTegularly 
grouped ; but to a person ascending any one of those furthest 
from the precipice, they are at once seen to fall into three 
(with traces of a fourth), narrow, straight, linear ridges. The 
ridge nearest the precipice runs some way up the mountain ; 
but the outer one is longer and more perfect, and forms a 
trough with the mountain-side, from 10 to 15 feet deep. On 
the eastern and opposite side of the head of the lake, corre- 
sponding but less developed mounds of detritus may be seen 
running a little way up the mountain. It is, I think, impos- 
sible for any one who has read the description of the moraines 
bordering the existing glaciers iu the Alps, to stand on these 
mound'j, and for an instant to doubt that they are ancient mo- 
raines; nor is it possible to conceive any other cause which 
could have abruptly thrown up these long, narrow, steep 
mounds of unstrati&ed detritus against the mountain-sides. 
The three or four linear ridges evidently mark the principrl 
stages in the retreat of the glacier ; tlio outer one is the longest, 
and diverges most from the great wall of rock at the south end 
61' the lake. The inner lines distinctVv dcVme vVt \) wm^wj tS. 
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the glacier during the last stage ol' its existence. At this pe- 
riod, a small and distinct glader descended froai a narrow hut 
lofty gorge on the north-western end of the lake ; and here. 
remnants of a terminal moraine may he traced in the little 
mounds, forming a broken semicircle ronnd a rushy plain, 
Bcarcely more than a hundred yards in diameter. The rocks are 
smooth, mammillated, and scored, all ronnd the lake, and at 
some little depth beneath the surface of the water, as I conld 
both see and feel. Similar marks occur at great heights on 
all sides, far above the limits of the moraines just described, and 
were produced at the time when the ice poured in a vast 
stream over the rocky barrier bounding the northern end of 
the amphitheatre of Lake Idwell. I may here mention, that 
about eighty yards west of the spot where the river escapes 
from the lake, through a tow mound of detritus, probably once 
a terminal moraine, there b an example of a boulder broken, 
as described by Charpentier aud Agassix, into pieces, from 
falling through a crevice in the ice. The boulder now consists 
of four great tabulai' masses, two of which rest on their edges, 
and two have partly fallen over against a neighbouring 
boulder. From the distance, though small in itself, at whiih 
the four pieces are separated from each other, they must have 
been pitched into their present position with great force ; and 
as the two upright thin tabular pieces are placed transversely to 
the gentle slope on which they stand, it is scarcely possible to 
conceive that they could have been rolled down from the 
mountain behind them ; one is led, therefore, to conclude 
that they were dropped nearly vertically from a height into 
their present places. 

The rocky and steep barrier over which the ice from the 
amphitheatre of Lake Idwell flowed into the valley of Nant 
Francon, presents from its summit to its very foot (between 
400 and 500 feet), the most striking examples of boss or dome 
formed rocks ; so much so, that they might have served rs 
models for some of the plates in Agassiz' work on Glaciers, 
When two of the bosses stand near and are separated only by 
a little gorge, their steep rounded sides are generally distiact- 
ly scored with lines, slightly di]iping towards the great valley 
In front. The isunimit of the bosses l^ <;LOw^v.v'.vilvcly seM^H 
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scored ; but on one close to the bmlge over the river Ogwyn, 
1 remarked some singular zigzag scores. At this spot the 
cleavage of the sUite is highly inclined, and owing apparently 
to the different degrees of hardness of the laniin^j smooth 
and gentle furrows have been produced by the grinding of 
the ice, transversely to the scores, and to tho probable course 
of the glacier. Here, as well as in some few other places, I 
noticed an appearance which made it vividly cleur that these 
bosses had been formed by some process quite ditferent from 
ordinary or aqueous erosion ; it is the abrupt projection from 
the smooth surface of a boss of a piece of rock a few yards 
square, and one or two feet in height, with its surface 
smoothed and scored like the boss on which it stands, bnt 
with its sides jagged ; if a statuary were to cut a. small tigure 
out of a larger one, the abrupt projecting portions, before he 
quite completed his work, might be compared to these masses 
of rock ; how it comes that the glacier, in grinding down a 
boss to a smaller size, should ever leuvo a small portion appa- 
rently untouched, I do not nnderstand. 

On the summit of some of the bosses on this barrier tliere 
are perched boulders ; but this phenomenon is seen far more 
strikingly close to Capel Curig, where almost every dome of 
rock south of the Inn is surmounted by one or more large an- 
gular masses of foreign rock. The conti'ast between the rude 
form of these blocks, and the smooth mammillated domes on 
which they rest, struck me as one of the most remarkable 
effects produced by the passage of the glaciers. On the sides 
of the mountaius above Capel Curig, I observed some boulders 
left sticking on very narrow shelves of rocks, and otlier boul- 
ders of vast size scattered in groups. Tiie largest boulder I 
noticed there was about twenty-six feet in length, by twelve 
in breadth, and buried to an unknown thickness. 

Proceeding down the great straight valley of Nant-Frau- 
con, which must formerly have conveyed the united glaciers 
from Lakes Idwell and Ogwyn, we continue to meet with 
boss*formed rocks till below the village of Bethesda. 

From this point towards l3angor, these boss-formed rocks 
become rai'e : at least it is certain that a large number of 
hummocks of rock with rugged %u.c{ytUje& ^"coietl, -w'cift"te,-*& i 
hi^hni tqi in tliia lallL'v, and in a\\ V\\e gceaX wtOi.';-^ n'cSv«.^J 
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of SnowiloniiL, such unground huuimocks are not to bo met 
with. At Bethesda, unstratified masses of whitish earth, 
from ten to forty feet in thickness, full of boulders mostly 
rounded, but some lingular, from one to four feet square, are 
Hrst met with. Tliis deposit Is interesting irom the boulders 
being deeply scored, like the roekfi in silu ovor which a gla- 
cier has passed. The scores are sometimes irregular and 
crooked, but generally quite parallel, as I distinctly saw over 
the entile side of one large block. Some of the blocks were 
scored only on one side, others on two sides, hut from the 
difficulty of turning over the larger ones, I do not know which 
case is most common, I saw one large block on which the 
scores on the opposite sides were all parallel ; and another 
irregularly conical, four feet in length, of which three-fourths 
of the circumfeienee was marked with parallel stria?, converg- 
ing towards the apex. In the smaller elongated blocks, from 
six to twelve inches in diameter, I observed that the striae 
wore generally, if not always, parallel to their longer axis, 
which shews that, when subjected to the abrading force, they 
arranged themselves in lines of least resistance ; but of threo 
large blocks which remained imbedded in a perpendicular 
cliff, the vertical sides of two were scored in horizontal lines, 
and of the third in an oblique dhection. These several facts, 
especially tJie parallel strise on the upper and lower surfaces, 
shew that the bouldera were not scored on the spot where they 
are now imbedded, as seems to have been the case with the 
boulders described by Mr Maclaren," in the till near Edin- 
burgh. The contrast is very striking in the state of the sur- 
face of these boulders, and those which lie scattered high up 
on the sides of the adjoining hills and of the great central 
valleys, or ai-e perched on the worn bosses of naked rock ; 
such boulders, as I particularly noticed, present no signs of 
scores or strise, at< might have been anticipated, if, as is stip- 
posed, they were transported on the surface of the ghiciero. 
In the quiUTJes which I examined, namely, below Bethesda, 
and at some little height on the eastern aide of the village, 
the till rested on slate-rocks, not worn into bosses. 1 found, 
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however, a rather smooth pap of greens.toiie marked with a 
few deep scores. 

The till forms, at the height probably of COO feet above the 
sea, a little plain, sloping seawmd ; and between Betliesda 
and Bangor there are other gently inclined surfaces, composed 
of till and stratified gravel. Considering these facts, together 
with the proofs of recent elevation of this coast, hereafter to 
be mentioned, I cannot doubt that this till was accnmiilate<l 
in a sloping sheet beneath the waters of the sea. In compo- 
sition it resembles some of tlie beds of till in Terra del Fuego, 
which have undoubtedly had this origin. I presume the 
scored, rounded, and striated boulders were pushed, in the 
form of a terminal moraine, into the sea, by the great glacier 
which descended Nant-Franeon. 

Mr Trimmer* reports, on the aulhoril^ of some workmen, 
that sea-shells have been found on Moel Fahan, two miles 
N. E. of Bethesda. I ascended this and some neighbom-ing 
hills, but could find no trace of any deposit likely to include 
shells. This hill stands isolated, out of the course of the 
glaciers from the central \'8Ueys ; it exceeds 1000 feet in 
height, its surface is jagged, and presents not the smallest 
appearance of the passage of glaciers ; but high up on its 
flanks (and perhaps on its very summit), there are large, an- 
gular, and roimded boulders of foreign rocks. 

Along the sea-coast between Bangor and Caernarvon, and 
on the Caernarvonshire plain, I did not notice any boss-formed 
hillocks of rock. The whole country is, in most places, con- 
cealed by beds of till and stratified gravel, with scattered 
boulders on the surface ; some of these bontders were scored, 
From the account given by Mr Trimmcrt of his remarkable 
discovery of broken fragments of Buccinum, Venus, Natica, 
and Turbo, beneath twenty feet of sand and gravel, on Moel 

* Procecdingij of Ilie GeolugicaJ Society', vo\. i. p. 333 ; oi PUil. Mug-. 
S. 2, vol. I. p. U3. Mr Trimmer ivns one of l1ie earlieBl olisBn-ors of llio 
scores and oth^r mnrkB on tlia rocks of Nortb Wivlea. He nUo romarkeO, 
that " Eonie of Iho larger blocks amid the grarel have deep scratobes on 
their lurface." Mr Trimmer himself found broken sea-shella in the diln- 

t ProceMlings of the O^olngical Soctetv, vol, i, p, 38S } Pliil, Mi^, 

Ut. t-.t. -* 
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Tryfan (S. E. of Caernarvon), I ascended tliis hil!. Itsheigbt 
is 1192 feet* iibove the sea ; it is strewed with bouMers of 
foreign rock, most of tliem apparently from the neighbouring 
mountains ; but near the summit 1 found the rounded chalk- 
flints.t and small pieces of white granite, alluded to by Dr 
Buckland. Its form is conical, and it stands isolated ; wher- 
ever the bare rock protrudes its surface is jagged, and shews 
no signs of being in any part worn into bosses. Tlie contrast 
between the superficial part of the bare rock on this hill and 
on Mod Faban, with that of the rocks withui the great cen- 
tral vallere of Caernarvonshire, is very remarkable; it is a con- 
trast of precisely the same kind as may he observed in these 
same valleys by ascending on either side above the reach of 
the ancient glaciers. A little way down the hill, a bed two 
or three feet in thickness, of broken fragments of slate mixed 
with a few imperfectly rounded pebbles and boulders of many 
kinds of rock, is seen in several places to rest on the slate, the 
upper surface of which, to the depth of several feet, has been 
disintegrated, shattered, and contorted in a very curious man- 
ner. The laminated fragments, howevefj sometimes partially 
retain their original position. 

1 did not succeed in finding any fragments of shells, but 
near the summit of the hill, on the eastern or inland side, I 
found beds at least twenty feet in thickness of irregularly 
stratified gravel and boulders, with distinct and quite defined 
layers of coarse yellow sand, and others of a fine argillaceous 
nature and reddish colour. These beds closely resemble those 
of Shropshire and Staffordshire, in which are found (as I have 
myself observed in very many places) fragments of sea-shells, 
and which every one, I believe, since the publication of Mr 
Mnrehison's chapters on the drift of these counties, admits 
are of submarine origin. It may therefore be concluded, that 
the layers of coarse and argillaceous sand, and of gravel, with 
far transported pebbles and boulders, do not owe their origin 
to an inundation, but were deposited when the summit of 



* Murchiaon'a Silurinn System, p. S2B, 

t 1 may moniiou, that nt liiltle Madely, in Staffordabire, I have fonnd 
ihalk-fliatB in the gravel bedn, awociated with exialing epecies of ««■- 
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Tnoel Trypan stood submerged beneath the surface of tbe sea. 
As there are no marks of the passage of glaciers over this 
mountain (which, indeed, from its position, could hardly have 
happened), we miist suppose that the boulders were trans- 
ported on floating ice ; and this accords with the remote ori- 
gin of some of the pebbles, and with the presence of the sea- 
shells. Within the central valleys of Snowdonia, the boulders 
appear to belong entirely to the rocks of the country. May 
we not conjecture that the icebergs, grating over tbe surface, 
and being lifted up and down by the tides, shattered and 
pounded the soft slate-rocks, in the same manner as they ap- 
pear to have contorted tlie sedimentary beds of the east coast 
of England (as shewn by Mr Lyell") and of Terra del Fuego? 
Although I was unable to find any beds on Moel Fabao likely 
to preserve sea-sbella, yet, considering the absence of the 
marks of the passage of glaciers over it, I cannot doubt that 
the boulders on its surface were transported on floating ice. 

The drifting to and fro, and gi-ounding of numerous ice- 
bergs during long periods near successive uprising coast- 
lines, the bottom being thus often stirred up and fragments 
of rock dropped on it, will account for the sloping plain of 
unstratifled till, occasionally associated with beds of sand and 
gravel, which fringes to the west and north tbe great Caer- 
narvonshire mountains. 

In a paper read before the Geological Society, t I have 
remarked that blocks of rock are transported by floating ice 
under different conditions ; Is/, by the freezing of the sea, in 
countries where the climate does not favour the descent of 
glaciers ; 2d, by the formation of icebergs by the descent of 
glaciers into the sea, from mountains not very lofty, in lati- 
tudes (for instance in that of Geneva, or of the mouth of the 
Loire, in the northern hemisphere) where the surface of the 
sea never freezes ; and, ^d, by these two agencies united 



• "On the Bonlder-Pormation of Eastern Norfolk," Phil. Mag. S 3, 
vol. ivi. May 1B40, p. 351. 

t May 5. 1811, " On the DisUibution of the Erratic Boulders, sjid on 
the contemporaaeouB uiibttii(ifl«d depoKiCs of South America" (Phil. Mag, 
S. 3, vol. si*, p. 536). 
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I have further remarked, tliat the condition and kind of the 
stones transported would generally be influenced by the man- 
ner of production of the floating ice. In accordance with 
these views, I may remark, that it does not seem probable, 
from the low level of the chalk- formation in Great Britain, 
that rounded chalk-flints could often have fallen on the sur- 
face of the glaciers, even in the coldest times. 1 infer, there- 
fore, that such pebbles were probably inclosed by the freeis- 
ing of the water, on tbe ancient sea-coasts. We have, how- 
ever, tbe clearest proofs of the existence of glaciers in this coun- 
try ; and it appears that when the land stood at a lower level, 
some of tbe glaciers, as in Nant-Francon, reached the sea, 
where icebergs charged with fragments would occasionally be 
formed. By this means we may suppose that the great an- 
guhir blocks of Welch rocks, scattered over the central coun- 
ties of England, were transported,* I looked carefiilly in 
the vallies near Capel-Curig and in Nant-Francon for beds of 
pebbles, or other marks of marine erosion, but could not dis- 
cover any; when, however, Moel Tryfan and Faban stood 



* On the EQmniit of AslileyHcatli iu SUflbtdsliice, there is on angului 
block of sycnitic greenstone, four foot niid a half by four foot eqaare, unil 
two feet in thickness. Tliis point is 803 feel above the level of tlie sea. 
From this fact, together with those relating to Moel Tryfan and Faboo, wo 
must, I tliink, conclude that the whole of this pnrt of J^ngland was, at lti« 
period of the floating tee, deeply submerged. From the reasons given in mj 
paper (Phil. Trana., 1839, Phil. Mag. S. 3, vol. xiv. p. 363), I do not doubl, 
that, at this same period, the central parts of Scotland stood at least I30II 
feet beneath the present level, and that its emergence since baabeeurci; 
slow. The boulder on Ashley Heath probably has been ejiposed to atmo- 
iplicric disintegration for a longer period thou any other in this part ofEng- 
land. I was, therofore, iaterestod iu comparing the state of its lower far- 
face, which was buried two feet deep in compact ferruginous sand (contain- 
ing only quartz-pebbles from the subjacent new rod sandstone) with the 
upper part. I could not, however, perceive the smallest dilferencc in the 
preservation of the sharp outlines of its sides. I bad a hole dug under an- 
oliier large boulder of dark green felB])athic slaty rock, lying at a lower 
level; it was separated by 18 inches of sand (containing two pebbles of 
granite, and some angular and I'onndod masses of new red sandstone), from 
the surface of tlienew red s.indstone. One of tbe rounded balls of this 
latter stone had been split into two. and deeply scored, evidently by the 
u'randing of the bouldci*. 
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beneath the level' of the sea, inland creeks of salt water must 
have stretched far up or quite through these valleys, and where 
they were deep, the glaciers (as at present in Spitzbergon), 
would have extended, floating on the surface of the water, ready 
to become detached in large portions. From the presence 
of boss-formed rocks low down in the valley of Nant-Francon, 
and on the shores of the lakes of Llanberis (310 feet above 
the sea), it is evident that glaciers filled the valleys after the 
land had risen to nearly its present height ; and these glaciers 
must have swept the valleys clean of all the rubbish left by 
the sea. As far as my very limited observations serve, I sus- 
pect that boss or dome-formed rocks will serve as one of the best 
criterions between the effects produced by the passage of 
glaciers and of icebergs.t Dr Bucklandhas described, in de- 
tail, the marks of the passage of glaciers along nearly the whole 
course of the great central Welch valleys ; I observed that these 
marks were evident at the height of some hundred feet on the 
mountain-sides above the water-sheds, where the streams 
flowing into the sea at Conway, Bangor, Caernarvon, and Tre- 
madoc, divide : hence, it appears, that a person starting from 
any one of these four places (or from some way up the valley 
where the glacier ended), might formerly, without getting 
off the ice, have come out at either of the other three places, 
or low down in the valleys in which they stand. The moun- 
tains at this period must have formed islands, separated from 
each other by rivers of ice, and surrounded by the sea. The 
thickness of the ice in several of the valleys has been great. 
In the vale of Llanberis I ascended a very steep mountain, 
E.NE. of the upper end of the upper lake, which slightly pro- 



* Dr Martens on the Glaciers of Spitzbergen, £din. New Phil. Journ. 
1841, vol. XXX. p. 288. 

t In the Appendix to my Journal of Researches (1839), I endeavoured to 
shew that many of the appearances attributed to debacles, and to the move- 
ments of glaciers on solid land, would, in all probability, be produced by the ac- 
tion of stranded icebergs. I have stated (p. G19) on the authority of Dr Rich- 
ardson, that the rocky beds of the rivers in North America which convey ice 
are smoothed and polished ; and that (p. 620) the icebergs on the Arctic shore 
drive before them every pebble, and leave the submarine ledges of rock ab- 
solutely bare. 

VOX. XXXUU NO, LXVI. — OCTOBBK 1642, K^ 
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jectB where tbe valley bends a little. For the lower 1000 
luet (estimated, I think, eori-cctly\ the marks left by the glac'i 
are very distinct, especially near the upper limit, where there 
are boulders perched on the bosses of rock, and where the 
scores on the nearly vertical faces of rock are, I think, more 
distinct than any others which 1 saw. These scores are gene- 
rally slightly inclined, but at various angles, sea-ward, as the 
surface of the glacier must formerly have been. But on one 
particular face of rock, inclined at an angle of somewhere 
about 50', continuous, well-marked, and nearly parallel lines 
sloped upwards (in a contrary sense to the surface of the 
glacier) at an angle of 18° with the horizon. This face of 
rock did not lie parallel to the sides of the main valley, but 
furmed one side of the sloping end of the mountain, over and 
round which, the ice appears to have swept with prodigious 
force, expanding laterally al'ter being closely confined by the 
shoulder above mentioned. At this point, where the glacier 
has swept to the westward and has expanded, its surface 
seems in a short space to have declined much ; for on a hill 
lying about a quarter of a mile N\V, of the shoulder, aoA 
forming a lower part of the same range (it stands S.SE. of 
the Victoria Inn, and has a reddish summit), the marks of the 
passage of the glacier are at a considerable lower level. At 
the very summit, however, of this iiill, several largo blocks of 
rock have been moved from their places, iis if the ice had 
occasionally passed over the summit, but not for periods loBJ 
enough to have worn it smooth. 

I cannot imagine a more instructive and interesting lesson 
for any one who wishes (as I did) to learn the effects produced 
by the passage of glaciers, than to ascend a mountain like one 
of those south of the upper lake of Llanberis, constituted of 
the same kind of rock and similarly stratified, from top to 
bottom. The lower portions consist entirely of convex domes 
or bosses of naked rock generally smoothed, but with their 
steep faces often deeply scored in nearly horizontal lines, and 
with their summits occasionally crowned by perched boulders 
of foreign rock. The upper portions, on the other hand, 
less naked, and the jagged ends of the slaty rocks 
through the turf in irregular hummocks ; no smooth 
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ho scored surfaces, no boulders are to be seen, and this 
change is effected by an ascent of only a few yards ! So great 
18 the contrast, that any one viewing these mountains from a 
distance, would, in many cases, naturally conclude that their 
bases and their summits were composed of quite different for- 
mations. 



Descriptions of some New Crustaceous Animals found in the 
Firth of Forth, By Henry D. S. Goodsir, Esq., Surgeon, 
Anstruther. Communicated by the Author. (No. IV.*) 
With a Plate. 

SECTION I. ON THE GENUS HUNNA. 

While engaged during the end of July last in examining 
the produce of a day's dredging from the mouth of the Firth 
of Forth, I observed a crustaceous animal running briskly 
along the bottom of the vessel, which I at first took to be a 
small nymphon. On a more minute examination, I found that 
it was an Isopodous Crustacean belonging to the Famille des 
Asellotes of Milne Edwards. 

I had applied the name of Thetis as a generic title to this 
animal, and it was my intention to publish it under this name. 
Some days afterwards, however, as I was accidentally looking 
over a few numbers of the Isis for last year (1841), I was both 
delighted and disappointed to find in the No. VI. for that 
year, my genus Thetis^ fully described and figured by M, 
Kroyer of Copenhagen under the name of Munna, I, of 
course, immediately assumed his generic title. 

The only species of this genus which I have examined is 
remarkable in so far that it possesses pedunculated eyes, which 
are at the same time quite immoveable, and also in the last or 
filiform portion of the superior antennae being double. 

The external plate of the abdominal branchiae is extremely 



^ This intimates the fonrth of the series of Origiiial Obserraiions on Bri« 
tisb Cmstaceans, as communicated by the Author^ 
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narrow, nnil is not composed of two equilateral pieces, as in 
the other AnseUota, hut consists of one piece only, with an im- 
moveahle suture in its mesial line ; it is attached to the hojy 
hy means of its proximal extremity only. 

These animals differ also from all the other laopodout 
Crustaceam, in the great length of their ambulatory legs, which 
leads the observer at first to suppose them to belung to tlie 
KymphoniiitD ; its quick and active habits, however, very soon 
undeceive him. 

The habits of this species of Munna, like the rest of the 
leopoda, are interesting ; it is quick and active in its motions, 
running along the branches of the smaller corallines wifli 
great rapidity. I have never observed it swim ; in fact, it ia 
not adapted to this mode of progression. AVbcn pursued along 
the bottom by any larger animals, or with the point of a 
needle, it runs quickly before it; hut often stops suddenly, 
turns round, and becomes assailant. 

The eggs are earned in a large oviferous pouch, which is 
situated between the thoracic legs, and is composed of four 
large plates, very like those of the Cnprell(e, I now subjoin 
M. Kroyer's definition of this genus. 

MuNNA {Kro}/er.) 
" KoKum Itiipodum Genua (inter Atelloia, Latr. prope Jaeraiat 

"Oculi valde prominentcs (fere pedunculati), tota capitil I 
latitudinc distantes ; antennie infcriores longjssima? ; pedes 
1 mi paris prehensiles (manu ungueque mobili instrueti), reli- 
qua 6 paria ambulatoria, longissima (pleraque corporis longi- 
tudinem superantia), biungulata ; 7 mus thoracis annuIuB mi- 
nimus parumque conspicuus ; cauda appendicibus omnino ie- 
stituta ; branchiae unica tantum tectte lamina.''* 

In the species vhieh I have examined of this genus, the 
tail is not, as Kroj-cr states, entirely destitute of appendages; 
for although minute, they are easily seen with a small power. 
They are four in number (Plate VI. fig. 14.), ouo spine ateadi 
of the posterior angles of first abdominal segment, and two 
smaller styles from either side of the apex of the last joint. 
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MuNNA KROTERi. (Mihi.) Plate VI. fig. 2. 

With the eyes extremely prominent, and with the whole 
body very spiny. 

Description. — The whole animal of an ochrey-bro^vn colour^ except the 
reticulated portion of the eyes, which arc black. The head is large, 
rounded anteriorly^ and slightly pointed in the middle. The palpi of 
the external maxillte are seen projecting in front of the anterior edge, 
and they are always in motion. The dorsal surface of the head is quite 
smooth, and the internal or superior antennsc arise from it within the 
margin, and a little anterior to the eyes ; they are extremely curious, 
and are composed of a peduncle of three articulations, and of a double 
multiarticulate setaceous portion, which arises from the last joint of the 
peduncle ; these are very slender, and incline towards one another at 
their extremities (Plate vi. fig. 1). The whole organ is equal in length 
to the two first joints of the inferior antennae and the proximal half of 
the third joint. The external antennae are much produced, being consi- 
derably longer than the body; the peduncular portion is composed of 
four joints, the setaceous portion is multiarticulate. Two large blood- 
vessels are seen running through these organs. 

The eyes are large and pedunculated, but quite immoveable ; the re- 
ticulated portion is small, and is almost altogether confined to the 
lower surface. The first six thoracic segments of the body are almost 
all equal ; the seventh is obsolete. The first pair of legs are prehen- 
sile, and the mechanism is rather curious (Plate VI. fig, 6) ; the fourth 
joint is very large and rounded, the inferior angle of its distal extre- 
mity is armed with four large and strong teeth, two of which are large, 
the other two being smaller ; the fifth joint is not so laige, and is reni- 
form ; the sixth joint is long and pointed, bearing at its ex tremit j' a strong 
claw. The following six pair of feet arc ambulatory (Plate VI. fig. 10), 
They are ver}*^ spiny, and the last joint is armed with two strong claws, 
which are not placed in the usual way, but with the one above the 
other ; the superior is largest and strongest. The abdominal portion 
of the body (Plate VI. fig. 14) is composed of two segments. Tb© 
first, which is largest, is of a square shape, and is armed with two 
strong spines at its posterior angles. The last segment is almost tri- 
angular, the apex being directed posteriorly, two small styles arise from 
each side of the apex. All the external margins of both of these seg- 
ments are thickly fringed with minute hairs and spines. 

The abdominal branchiee are almost semicircular, and each of them 
is anned on its internal edge with a small appendage. Length of body 

• one line ; span of legs three lines. (Plate VI. fig. 6). 

I dedicate this species to M. Kroyer, the original discoverer 

4 

of the genus, and a naturalist who has added much to our 
knowledge of the Crustacea of the north of Europe. The M. 
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Boeckii of Kroyer is the only other species of this genus i 
known." 



SECTION II.— -ON THE GENUS EVADSE. 

Tho next animal to be JcHcribcd is a.Daphnoid C'ruetaeuM; 
it is the Evadne Nordmanii of M. Loven, 

About tho end of Juno and the beginning of July last 
(1842), innumerable shoals of species belonging to this guniis, 
with immense numbers of £'rtiomos/racouH Cntsiaceant, ranging 
under the order Copepoda of Milne Edwards, appeared at the 
mouth of the Firth of Furth. These shoals were most nu- 
merous about tho sheltered parts of the island of May. And 
so abundant were they, that by drawing a scum-net onco 
through the water, the animals could be taken out of it in 
handfuls. 

Although 1 have observed one or two undescribed speuiea 
amongst those specimens which 1 have got, I have not been 
able, from want of time, to examine them minutely. In the 
meantime, then, I will merely give a short account of the ub- 
servations I have made on M. Loven's species : — 

Genus Evadne (^Love/i.) 
The head not dclnchcd from tlie body ; the anterior lirnnch of Ihe witcn- 

niB composed of three, and tha posterior branch of four, articulatJOBB. 

Ev. dne Nordmatiuii. Plate VI. fig. 15, 
Dticriptioa. — Tlio whole animal ulmoEt colourless, oxecpt tlic poateiior 
portion of the eye, which is black ; the anterior portion is much Iftigcri 
and is drcply ribbed, lon^titudinallj. The nntinnto nre composed ot 
two branches, an anlerior and posterior ; and a nunjbot of long s^H 
sriso from the extremity of each. Four sliort articulated legs iKS 
almost immediately below the eye ; a strong muscle nseends from At 
legs, and, passing upwards iiniuediately beliind the eye, is Attadicil 
to tlie dorsal portion of the shell. Bach leg is composed of fbur 
articulations, nnd a number of strong' spines arise from these aitieu- 
lations. All that portion of tho internal cavity of the shell, imnie- 
diatcly behind the muscle, is apparently empty, except during ih« M*- 
Bon of spawnin]^, when thb part of the trady may be obserred filled 
with ova or j'oun^. Tlic posterior part of the body is produced, in tbo 
middle, into a strong pointed spine. There is no appearanea of aniil- 
tcstinid canal, and its organism is apparently very simple, heugti, 



nUken, ISil.p. 126. 
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The habits of this animal are extremely active, and ar« very 
similar to those of the Daphnta. This species, along with 
different Entomostraca, forms the principal food of the her- 
ring during the summer months. 



section iii. on a nbw genus of pycnogonid-s:. 

Genus Pasithoe 

Forms a new type among the Pycnogonidw. Its generic 
characters are very distinct. The rostrum is very long, and 
is armed on either side with a long and powerful palpus, whicli 
is composed of eight articulations. No mandibles. Oviferous 
legs very short, and nine-jointed. 

p. VESICULOSA. (Mihi.) Plate VI. fig. 17. 

Description, — The whole animal is of a brown colour. The rostrum is 
oblongs oval, contracted at either extremit}', and considerably swollen 
in the middle. The palpi are eight-jointed, rather longer than the ros- 

. trum, and are armed at their extremities with long hairy spines. The 
three coxal joints of the ambulatory legs are minute ; the second one 
is considerably dilated at its distal extremity. The femoral and two 
tibial joints are all equal in length, and each of them is peculiar in 
shape ; about one- third of its proximal extremity is very much con- 
tracted, and quite cylindrical ; the succeeding portion then swells sud- 
denly out, and is rounded off at its distal extremity. The first or con- 
tracted portion of these joints is apt to be mistaken for a separate arti- 
culation. The first tarsal joint is minute and rounded ; it is only seen 
from the lower surface. The second tarsal joint is equal in length to 
the femoral or tibial joints, and is very much bent, and its extremity is 
armed with the usual number of claws ; but the two auxiliaries are 
very minute. The first thoracic segment of the body is the largest, 
being as large as the three others combined. The oculiferous tubercle 
is situated near the anterior edge ; it is small, and the eyes are placed 
around it. The last or abdominal segment is very long and slender, 
being almost as long as the rostrum ; it ends in a fine point. The ovi- 
ferous legs are very short ; the fifth joint is longest. Span of legs 
half an inch. 

This animal approaches more nearly to the genus Pycncgo- 
num than any other species of the family yet known ; and, at 
the same time, many of its characters assimilate it to the genus 
Phoirichilm ; thus, I should think, forming the connecting link 
J3etweep these two genera. 
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Ex(racU from Profeitor faleHlitCt Beport on the Progrtas 
Emlryology in the year 1840.* 

Some tDterestiti^ discoveries rendered the past year a high- 
Ij productive one for embrjology. Two main problems whicU 
CDgaged tiie various pliysiologists here occupy the foregi-ounJ i 
namely, the earliest development of the Manimalia, and the 
metamorphoses of tlic germinal membrane in its transforma- 
tion into the embryo. • • • * • So long as the meta- 
morphoses of the germinal vesicle following fecundation could 
be considered only hypothetical ly, it was assumed that the 
Purkinjean [germinal] vesicle either burst and poured out its 
contents, or became flattened ; and now in one of these two 
ways contributed to the formation of the germinal membrane. 
Both theories bad been put forth before the discovery of the 
germinal spot. But when the existence of the latter became 
known, the discoverer said, thnt probably the tnacula t^ermi- 
nallta represented the first foundation of the germinal mem- 
brane. This conjecture obtained more probability from the 
obvious fact, that the number, size, and distribution of die 
germinal spots nlternated according to the different stages. 
Research, however, first in the mammalia, and tlien in rep- 
i and tiiihes, shewed that, in consequence of fecundation, 

f r Anaivmie imd Phyiyvsic Jalirgsng, 1841, ^^H 
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the interior of the germinal vesicle presents new cells, or that 
(as was seen in the rabbit), within the germinal vesicle, new 
cells are really built up upon the foundation of the germinal 
spots. — {Introductory Bemarks, p. 13). 

First stages in the development of the fecundated ovuni^ 
especially that of the Mammalia. — As was already remarked in 
the Introduction, the most important publications of the past 
year concerning embryology, are concentrated in the subjects 
of this chapter. We will, therefore, before presenting some 
extracts of the details, first state the most important results. 
With few exceptions to be mentioned, all the observations 
have reference to the Mammalia, and indeed to the rabbit. 

1. At ike period of ike nit certain ckanges hate already taken 
place in tke ovarium, the [Graafan] follicles, and ike structures 
appertaining tkereto, — Through an increased congestion of the 
ovary single follicles become more strongly developed. The 
germinal spot, which gives the impulse to the formation of 
new cells, probably undergoes changes of this kind. From 
the observations of Negries, above-mentioned (p. 248), it may 
be conjectured that in the human female also, the period of 
menstruation is attended by similar phenomena. 

2. Fecundation itself comes to pass apparently in the follow^ 
ing manner. A portion of the semen that has been brought to 
the surface of the ovarium probably passes into the ovum, and 
gives the stimulus to the formation of cells n>ithin the germinal 
vesicle, ****** 

3. The number of ova prepared for fecundation by the rut^ 
does not correspond with the number of the subsequently fecun^ 
dated ova, but generally exceeds the same, — This fact, already 
known, has been confirmed by the latest researches on the 

rabbit. 

4. It often happens that more ova pass out of the ovary than 

are fecundated, or at least than become developed. — Herein ac- 
cord the observations of Barry with those of Pappenheim. 
The former found in the tubes and uterus unfecundated or 
aborted ova. In like manner, parts of the [Graafian] follicle 
which usually remain in the ovary, for example, portions of 
Barry's ovisac^ may be found in the oviducts. 
• 5. Neither the place to which the ova in the tub^s and uterus 
Adve advanced^ nor the me of the same, nor the time that has 



420 IniUx. 

natina, its occurrence in Bomeo, 2Si. 
Protrmctinor table, Mr Buchanan's, 140. 
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Rain, on the diminution of, as the height aUoTe the ground increases, 

by James Dalmahoj, Esq., 10. 
Rain-gauges, on the imperfections of, by T. Stevenson, Esq., 12. 
Reptiles, fossil, of Britain, account of, by Professor Owen, 65. 
Robertson, James, Esq., on the mechanical arts of Persia, 296. 
Rnssegger, Joseph, Austrian councillor of Mines, his remarks on 

the climate of Egypt, 93. 

Sands, sounding, account of, 20i. 

Schwann, M., on the conformity of structure and growth in animals 

and plants, 21. 
Silk-worms, 207. 

Smoke, on the prevention of, by Dr Fyfe, 51. 
Suail-trade of Ulm, 207. 
Society, Wemerian, its proceedings, 197. 
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Studer, M., on the geological structure of the Alps, 144. 
Swainson^s library, recovery of, by Mr Maclear and Rev. Dr Adam- 
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poi^ble diorama, 64. 
Time, eastern mode of measuring, 209. 
Travelling, speed of, 208. 
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IfoHca tf Earthqiiake-Shoeka fell in Great Brifain, and etpe- 
ciatlff in Scotland, with iTt/crenees siiffgesled by these noiicetai 
to the causes of Ike Shocks. By David Milne, Esq., F.R.S.E,, 
5I.W.S , F.G.S,, &c. Communicated by the Author. 

(Cunlinood from Vol. XXXII. page 378, 

II. Accounts from more distant p.Vrts oj the Couktht. l 
These have been, for the siike of dbtinctness, arranged ac- I 
cording to the direction of the districts of country from Cora- 
rie : — and they >vill be presented in the following order. Ac- 
counts will be given, first from districts West of Comrie, next 
from districts North of Comrie, next from districts £a3l of 
Comrie, and, lastly, from districts SoulA of Comrie. 

(1) AccowiU from dlstrkts West of Comrie. 

At Dujiirii, Sir David Dnndas informed the author, that the 
fhock of 23d October, like every other, was felt to come from 
the NE. The hill of Dunmore, from or near which the shocks 
iijjpcar to originate, is situated to the NE. of Dunira, and is 
about one mile distant. With regard to this hill, Sir D. Dun- 
das writes, that its ancient nume may " induce one to believe, 
that, in former days also, there had been some queer doings 
in that district. The ancient name of the hill was Dundow- 
nic, or Hill of Evil Spirit ; and tradition says that this said 
Evil Spirit dwelt in the cauldron immediately to the \E. of 
the hill. The waterfall there is still called the Devil's Caul- 
dron, or Slochk an Down." 

At Ari/voirlich, about 7 miles west of Comrie, the shock is 
described by Mr Stewart as having been very severe. " The 
noise which preceded the shock was as loud and similar in 
sound to the discharge of a piece of cannon at the distance of 
a quarter of a mile, and Wiis followed by a rolling noise ^vhich 
lasted from 15" to 20", There were two distinct shocks, fol- 
lowing each other at the interval of less than a second. I 
can compare the sound to nothing more nearly, than the report 
f one of the heavy guns of Edinburgh Castle as heard in the 
I cw Town, when fired on the south side of the Castle. 



• i^ 
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first report waa follo^ved by a long rolling veverbcration. In 
every case, I am inclined to say that the sound proceeded 
from the atmosphere, and not from under groimd. The sound 
seemed to be high in the air. In every case, it was remarked 
here to have been heard first in the south-east, and to die 
away gradually towards the south and west. The shocks were 
most severely felt in the upper parts of houses. This house 
is situated upon flat alluvial ground, from 10 to 20 feet above 
the level of Lochearn, and having a subsoil of coarse, adhe- 
sive, ferruginous gravel. The shocks seem to have been mora 
severely felt here, than in the neighbouring farm-houses situ- 
ated on the slope of the hill. During the whole period of 
nearly three weeks over which the earthquakes extended, the 
state of the atmosphere was peculiar. Tlie air was very 
calm, thick, and heavy, and the temperature high fur the 
season. The hills were almost constantly enveiolied in thick 
mist. Heavy falls of rain were of frequent occurrence, — 
while the barometer stood unusually high." 

At Glenbuckie, about 14 miles west of Comrie, Mr Claud 
Russell, accountant, Edinburgh, who was there at the time, 
states that the shock was perceived about 10'' 15' p.m. The 
noise and concussion both appeared to come from Lochearn. 
The table in the drawing-room shook, and caused a " dinnal- 
iDg" noise. 

At Cailendar, about 1,5 miles SVV. of Comrie, the shock was 
felt about 10'' 10' p.m. The noise and motion continued for 
30" or 40". " We were most sensible (says a correspondent) 
of a violent undulating movement of the whole apartment. 
The tin covers in the kitchen, hanging by rings on long nails 
on the north-west wall, were set into violent motion, and were 
shaken off from the wall." 

At Luss Manse, on west side of Loch-Lomond, a rumbling 
noise was heard, " accompanied by a tremulous motion which 
shook the doors, tables, chairs, &c., and caused the bells in 
the manse to ring. An individual distinctly felt his chair 
move three times under him." 

At Cameron House (the residence of the late Admiral 
Smollet), also on the west side of Loch-Lomond, the shock was 
pwceived about 10 p.u. It produced a sound, in the lower 
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flat of the house, like that caused by carriages. In the attic 
fitoroy, the noise was much louder, and caused two maid-ser. 
vants tliere, to run down stairs to learn the cause of it. 
tlie porter's lodge, the gardener and his wife, who were in 
bed, were alarmed by the noise, and by the motion of the bed. 
He describGd the sound as like distant thunder. The u<nie 
travelled from East to West. 

Mr Charles Forbes (brother of ProfessM: Forbes), who WB 
at the time three miles sQUth-teest of Glasgow, wrote to bb 
brother that he felt the shock at 10 o'clock. " I felt the 
room all tremble, and particularly the timbers below my feet. 
The lamp shook, and the glasses rattled, I cannot say whe. 
ther there was noise accompanying it or not, for the shalieii 
house produced a sound. It was as if there had been a very 
heavy weight knocked five times (I would say) very rapidly 
on the garret-floor above me, and with sufficient power to 
shake the whole house. The iron-bars of the windows rattled 
three or four times." Mr Forbes' house is built on the dilu- 
vial clay of the Clyde. 

At Glenmallon, near Finnart, on Loch-Long, Dumbarton- 
shire, and about 30 miles SW. of Comrie, Sheriff Colqu- 
houn writes that the shock was felt by him at 10'' 10' p. h. " I 
was enffaged in the perusal of a book which interested me 
very much, when suddenly I hoard a singular, loud, hollow 
rumbling noise, resembling nothing I had ever before experi- 
enced, followed, almost instantaneously, by a rapid undulatory 
motion of the floor beneath me, and that again by a violent con- 
cussion of the walls of the house, and rattling of the windoivs. 
1 thought, indeed, at the moment, that Ihe house was about to 
tumble down about my ears. The whole of these phenomena 
occurred in the course of two or three seconds of time, and 
immediately afterwards every thing liecame perfectly quiet as 
before. My house fronts nearly SW. ; and it appeared to me 
that the shock approached from behind, i, e. from tlie NE., 
passing towards the loch, and probably into the opposite lands 
of Argyleshire. The rumbling sound already noticed, which 

8 perceived immediately previous to the undulation and 
cussion, was of a very peculiar nature, and caused a mo- 
^^^Hition, which I can only com 
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miles from Comrie, and in a. tliroction (by true bearing) N. j E; 
from it, some very remarkable phenomena were observed. ' 

The two gentlemen, wliose reports are now to be quoted 
fi'oni, are the Rev. Mr Shepherd, parochial minister there, and 
the Rev. Mr Rutherfurd ; the latter of whom was the person 
selected by Sir D. Urewstor, to take charge of the Meteorolo- 
gical Observatcry established at Kingnssie- 

Mr Rutherfurd states that " the shock took place at 18 
minutes past 10 o'clock p.m. One person informed me that 
another took place about a quarter of an hour after, with a 
rushing noise like wind, but no tremor ; the atmosphere l>eir>g 
quite calm, when examined without doors. The noise waa 
almost instantaneously succeeded by a heaving up of the 
ground, and then, after the interval of a few seconds, succeeded 
by a vibratory motion. One gentleman described it to me as 
if a huge giant had attempted to lift the Iiouse, and not being 
able to succeed, took hold of it by the two corners in a passion 
and shook it from side to side. Another mentioned the bed on 
which slie lay as heaved up, and, after a moment's pause, shaking 
her from side to side as if to awaken her from a sound sleep. 
The noise seemed to be in the eai'th. The shock seems, 
from concurrent testimony, to have almost followed the track 
of the river here, nearly in a northeasterly direction. In one 
house pieces of loose lime fell from tlie sarking upon the gar- 
ret floor, and the parlour door was thrown open. In otlier 
places the dishes, &c. rattled in the presses. In one the 
bottles were broken, and the house-bell rung. In one pl.tce, 
a little below the boat-house, where the valley is narrowest, 
a piece of alluvial level land, almost surrounded by the Spey, 
has been observed since to have an undulating surface, just as 
if the waves, during a swell in a rather calm sea, had been ar- 
rested in a moment and so remained. The undulations seem 
to have been moving in a north-easterly direction ; they are 
not very marked, but ivere not observed before." 

" There was a sulphureous smell at the time of the shock, 
which was most distinctly felt by the Rev. Mr Shepherd, who 
vent out almost immediately after the shock, arid called Mrs 
Shepherd, who also felt it very strong. Tiioy repeated their 
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undulutions cotilj Hot have Itcen caused I>y tillage. More- 
over, the fiirrows of tlio plough were quite distinguish- 
able from the undulations, and ran in a direction ne.irljst 
right iingles to them. Mr Shepherd immediately made tk 
circumstance known to Mr Rutherfurd, who communicated 
them to the author. It was then suggested, that inqnirj 
should he made of any persons employed who had been work- 
ing in the field durin|j that season or the preceding one, so af 
to ascertain whctlier the undulations were new to them. Tliis 
wa^ done ; and a precognition of several persons was sent to 
tlie autlior, from which it distinctly appeared that the fieU 
had not been ploughed foi- three or four years previously ; anil 
that the furrows of the plough ran in an east and west di- 
rection, whilst the undulations ran in a north and soutli direc- 
tion (by compass). Farther, these persons, or some of them, 
stUed that they had mowed the grass in 1837, and were sure 
that no undulations eiiisted then- It had been Id 1838 and 
1839 pastured with sheep. These undulutlons were ninew 
ten in number, and occupied aboutone-half of the field. Tliej' 
consisted of alternate elevations and depressions on the su^ 
face of the ground, parallel to each other. The hollows be- 
tween the ridges varied in depth from two to eight inches ; 
tlie deepest being in the middle. The distance between each 
ridge varied from nineteen to thirty-one feet ; the widest 
being also about the middle of the undulations. 

When the author visited the field in 1842 there were still 
three or four of the undulations perceptible, though it had 
been ploughed since 1830. He observed that the soilwass 
stiff, tenacious, and flexible clay, apparently capable of retain- 
ing any shape or form impressed on it. 

The undulations are at right angles to the general direction 
of the valley of the Spey, in this part of its course ; the river 
lici'e running nearly due east, by compass. 

Whilst the circumstances above noticed, as well as the 
oiiinions of the inhabitants connected with the locality, strongly 
favour the supposition, that the undulations just described were 
produced by the earthquake of 23d October 1839, it is difficoh 
to understand how such an efi'ect could have been produced- 
That the vibrations transmitted upwards from the subterranean 
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focus of action. woulJ produce more effect on an alluvial de- 
posit than on almost any other kind of surface, can be readily 
conceived ; and it was dearly shewn in other places nearer 
Comrie, that an undulatory movement of thu earth's surface 
was produced. But if at Kingussie there was an undulation 
produced in the haugh-land just referred to, would this unda- 
lation consist of more than one, or at the most two, waves T 
and would tliey not move progressively forward, leaving the 
surface as level as formerly ! How could the waves or any 
portion of them have been arrested in their progi-ess, so as to 
present a series of nine or ten parallel undulations \ Is it suf- 
ficient explanation, that the snrfaee when raised, say ten 
inches above its ordinary level, might have sunk back only 
six or eight inches, and that as the original wave advanced, it 
might produce successively a similar effect in different parts 
of the field, — effects which, if produced, would he exhibited in 
lines coincident with the direction of the moving cause t 

It is proper to add, that similar undulations, though less 
distinct, were perceived in another haugh near Kingussie, on 
the south side of the river. 

At Itwernegs, as the author was informed by Mr George 
Anderson, " the earthquake was felt about 15' or 21V after 10 
p. M., and as far west as Fort Augustus. At Inverness, there 
was no second shock ; and in the country around, where such 
was felt, it was so slight, as only to be perceptible to a very 
few persons. 

" At Inverness the nature of the concussion was that of a 
mere tremor, as if occasioned by the passage of heavy car- 
riages along the street ; there was no untfulation. At Farr, 
Colonel Mackintosh felt as if the house had received a con- 
cussion producing an undulatory motion across it in an easterly 
direction, which was succeeded by a loud tremulous and rum- 
bling noise, resembling that of wheeled -carriages driven ra- 
pidly past the house, in a direction from S.W. to N H., and 
lasting about 30 seconds. The writer does not think the du- 
ration generally was more than from 20 to 30 seconds. 

" The pulsation shook houses and furniture in them, but so 
slightly, that it was not perceived by many ; and in several 
instances the noi:-e was only thought to be caused by servant* 
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stone). It was aiao strongly felt at Elgin (town stands on 
cornstone (limestone of old red), and near it, \ am told, two 
China bowels containing; flowers, wliicb stood near each other, 
were broken. The following extract from a letter from Dr 
Geddes of Blackhilb, 4i miles east of KIgin, will give you 
some particulars. 

At Amulree, about 12 miles N.N.E. of Conirie, the concus- 
sion caused a small part of an old road to sink, rendering it 
impassable. In the neighbourhood of the sarao place, several 
fissures were formed, running generally N.N.E. and S.S.W, 
One of these is described by the Kev. Mr Lament, as being 
about 200 yards long, and another about 50 yards long. These 
two fissures wore about 50 yards apart, and united towards the 
south in a curve. In some places, one of them was several 
feet in width. The ground contained within the limits of 
these two fissures, appeared to have moved towards the north : 
— for a dyke bnilt across this elliptic tract, in an east and west 
direction, was, where intersected by the fissure, carried a few 
miles towards the north, and a portion of the dyke was throw n 
over in the same direction. 
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At Ffaserbiirgh, on the sea-coast of Aberdeenshire (about 
140 miles from Comrie), Mr Jameson ivritos that his wife was 
sitting up expecting him to retui'u home, when " she thought 
she heard the sound of a carriage approaching in the direction 
she expected it, viz, S. W., and consequently wont to the door, 
but neither saw nor heard anything except a trifling sound like 
that of a gust of wind dying away ; felt no concussion. A 
gentleman, at Knousie, six miles south from this place, was 
in bed, and felt a sensation as if something was pulling the 
bed-clothes off him, and the same thing repeated after an in- 
terval of three or four seconds, when he was seized with a 
kind of fear, thinking it was something extraordinary. 

" At Striclien, 8 miles S W. from this, two young ladies had 
retired to their rooms for the night, when, soon after, one 
ran into the apartment of tlie other in a fright, saying, what 
can be the matter, for things we moving and the crockery^ 
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w)>re are clattering in the clipboard I No other person in or 
t about Fraserburgh appears to have felt it." 

At Banchory, situated to the west of Aberdeen, and about 

80 miles from Comrie, Mr Innea of Raemoir writes, — "At the 
time of the earthquake, my daughter was an invalid, and t!ie 
family had gone to rest. We sleep on the fii'st floor, — our 
daughter in an adjoining bedroom towards the east. The 
wind was strong and boisterous. From a quarter to half-past 
10 I had fallen into a slumber, when I was roused by wlist 
appeared a loud gust of wind, and I felt as if in the bedi-oora 
overhead a person had sprung ivith naked feet on the floor, 
and run or stamped across. While collecting my thoughts as 
to what could have caused such an occurrence, and recollect- 
ing that there was no person in the rooms above, my daughter 
rung her hell and opened her door. Her account is, that lying 
quite awake, tlie wind for the moment had lulled, she heard 
as if suddenly a heavy carriage had driven round the house, 
coming from the west and going oif by the east, and her bed 
shook, and the wardrobe and all tlie ai'ticles in the room rattled. 
She immediately started into a sitting posture, and, while think- 
ing if any carriage could have arrived, and listening atten- 
tively to any sounds, she was attracted by what seemed a peal 
of thunder, immediately followed by a noise overhead as if of 
a person jumping and stamping as 1 have described ; a dull 
noise as produced hy a heavy naked foot, and simul/aneoufli/ 
the bed seemed to heave, and the wardrobe and other articles 
rattled as before. She thinks that one or two minutes must 
have intervened between the two shocks, from the impi-ession 
left of the thoughts which passed through her mind by the 
first before the second took place. Being alarmed, she started 
up and rung her bell. Of the servants, who sleep in the loiver 
part of the house, only one maid appeared to be attracted hj 
it. On the bell being rung, she called to her fellow-servant 
to get up, as she had heard a carringe drive up. We came to 
the immediate conclusion that it was an earthquake, and it 
very much resembled the sensation which aocompanii'd that 
which occurred, I think, in August 1816, and whicli I felt in this 
neighhourhood. All the ground round here is on granite. The 
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hill behiriJ is composed entirely of a mass of red granite, and 
the foundations of the house cannot be niany feet, on a bed of 
clay raised above the granite. My daughter says that slie 
cannot assign any particular duration to the noise and tre- 
mor, but she thinks it could not have exceeded a few seconds, 
and the tremor on the second occasion seemed to follow 
within a second or two what she speaks of as like a peal of 
thunder." 

Dr Adiims of IJanchory states, that in his neighbourhood tlie 
shock was accompanied with a sound, — that the shock or con- 
cussion lasted for 2" or 3", and that the sound continued some- 
what longer. " The inmates of Banchory Lodge felt as if the 
floor was raised at one end and depressed at the other. All 
agree, that the concussion and noise came from the westward 
and passed off by the east. One person who felt the shock 
distinctly while lying in bed, describes it to me as a tremor or 
vibration : but all the others felt or fancied (hat they were 
rocked or lifted up. There seems no doubt as to the fact, that 
the shock was most felt in the upper parts of houses. 

" I have not been able to arrive at any certain conclusion 
whether the shock was felt more in houses founded on rock 
than on those built upon sand- It was full equally strong at 
Finzean, which is built upon rock, and at Mill of Ciinter in 
the same locality, which is founded u])on sand; at Eaeraor, 
which is built upon rock, and at Bauchory Lodge, which is 
founded on sand. The general structure of the rocks on Dec- 
side is granite. The limestone- districts are so limited in ex- 
tent that it is impossible to aiTive at any certain conclusion 
whether the shock was felt with more or less severity in them 
than in other places. It was distinctly felt in the limestone- 
district of Tilwhilly in this parish." 

At Finzean, a little to the west of Banchory, Mrs Farquhar- 
son, at lO^ SO*, felt distinctly " one shock or concussion which 
lasted aboTit 2", followed by a low rumbling noise which con- 
tinued about 4". The noise ivas in the earth. I was sitting 
by the fire, reading, when I felt the shock, ftly chair seemed 
to away as from the motion of a ship on a ivave of tlie sea. I 
culled to Mr Farijuharsou, who had just gone to bed ' what is 
that ?' He answered, ' 1 do not know, — but the bed is shaking ' 
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under me ;' and immediately added, ' It is an earthquake.' 
The south-west part of the house seemed to be first struck, 
and I felt myself swayed from the south to the north, — in 
whii'h direction also the shock and noise seemed to travel." 

At tlio Manse of Aboynf. which is built on sand, the shotk 
was, as the Hev. Mr Miinc Miller reports, "preceded by a 
rushing noise not unlike that produced by the rolling of a vio- 
lent wave on a very pebbly shore : noise heard several seconds 
before shock was felt. And it is worthy of remark, that I 
thonfjht the noise came rushing from the west till the instant 
the shock was felt, and it then gradually died awuy toward tbo 
oast. 

" At the instant of the shock a noise (in addition to the 
rushing noise) heard in room above the one T was sitting in. 
like that produced by a person walking heavily on the floor, or 
perhaps dragging a heavy body along floor. 1 renntrked the 
same miaiG. 

" Manse shook or rather rocked a little ; roof creaked as 
if a rafter hud been giving way. Several tin covers in my 
kitchen continued to vibrate or rattle against wooden parti- 
tion on which tlicy were hanging for some seconds after the 
shock. West gable of manse appeared to be first and most 
affected. I infer (in addition to my own feelings at the time) 
that the shock was from the west in regard that the tin covers 
rattled on partition, which is in a meritlian position ; for had 
partition extended in same direction as course of shock, any- 
thing hanging on it would not so likely have rattled against it- 
I felt as if chair hud been suddenly lifted up under me, and 
then rocked a little from west to oast. I should say the late 
earthquake was of longer duration, hut of duller sound and 
motion, than the one I felt at Fort George in 1816." 

A farmer on Deeside, about 33 miles west of Aberdeen, 
when lying in bed heard the slates on the rcof of his house 
rattle. 

At Aberdeen, as Professor Oruickslianks writes, the shock 
and noise were sliglitly felt. No ship or boat in the harbour 
was moved, nor were the instruments in the observatory af- 
fected. There was no displacement of furniture, but mucli 
rattling of glasses and ^oneware. 
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At Blriir Go?tric, and in the glens of the Sheo and Uie 
Airdio, situated in the mica and clay slate formations, about 
forty miles N.E. of Comrie, the effects of the shock are tlius 
described by the same correspondent, whose uccount of the 
diock folt on the 12th Oi;tober has already been given. Ho 
says, — " This shock was much more severe, and was very sen- 
sibly felt in this town and neighbourhood, aiid very strongly 
in Glenshee and Strathardle. In this to«n and its vicinity, 
the shock w-as preceded by a sound similar to that already de- 
scribed, which was immediately followed by a tremor or vi- 
bration of the earth, making the furniture rattle and tretnblo ; 
and, in one or two instances, forcing open doors that were 
partly shut. According to some, the floors of the houses were 
felt distinctly to /leave like a wave, and afterwards to (remble 
violently for some seconds. In my own ease, the feeling wits 
as if a strong gust of wind had suddenly swept over the hoos 
with a hollow sound, making the doors aud windows rattle. 

" In the valleys of Glenshee and Strathardle, as already 
mentioned, the concussion was felt much more violently, more 
especially in the former, where several persons were awakened 
from their sleep by the motion, and felt very much alarmed. 
Som.e who happened to be standing outside the houses, and 
close to the walls, felt as if the houses would fall to the ground. 
The person already mentioned, who felt the former shock in 
Uie hill, states that he felt his bed as it were lifted up from 
the west or north-west, and let down again, like a boat by a. 
wave, and immediately afterwards the plates and other furni- 
ture rattled strongly. Another person, who happened to be 
sitting with his back to a wall, which ran in a direction from 
north to south, felt it incline over from the west, and rose in 
great alann, under the idea that it would immediately fall. 
At the Spittal of Glenshee, and also at Kirkmiehacl in Strath- 
ardle, the concussion was very strongly felt, and in the same 
manner. The most general opinion seems to be that the noiae 
accompanying the concussion proceeded from above. The 
sound continued for about half a minute, and the tremor nearly 
a minute. The shock occurred about 20 minutes p^ist 10 p.m. 
Two other shocks were subseijuently felt, one about 11 on the 
same evening, and the other about 2 o'clock next morning, I 
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but they were very slight cotnpaf ed with the one already d«- 
scribed. 

" For some weeks previous to the occurrence of the earili- 
quake the weather had been wet and rainy to a most unpre- 
cpdentt'd degree ; and during the day, on the evening of which 
the most severe concussion was felt (23d October) it rained 
incessantly, and with great violence. There was a pretiy 
btrong breeze of h ind front the east, and the eastern horiEoii 
presented a dull reddish appearance during the whole evening. 
During the night, also, the river fell rapidly several feet below 
the level it had reached in the afternoon of the 23d, notwitti- 
titanding the continuance of the rain." 
(To be continued.) 

On the Succession aad Deteloptnent of Organised Beings at tke 
Surface of the Terrestrial Globe ,- being a Discourse delivered 
at the Inauguration of the j^cademy of Neuchatel. By Pro- 
fessor Louis Agassiz.* 

Gentleuen, — ^The important event which has called us to- 
I gether, seems to indicate to me in some measure the nature 
of the subject which I ought to select for discussion, in ad- 
dressing you for the first time as Professor of our infant 
Academ}'. It is with all public institutions, as with human 
life, in the course of which certain epochs are more promi- 
nently marked than others, and seem to call us to more se- 
rious reflections. Nature aho has her important epochs, and 
I think that the appearance, the development, and the disap- 
pearance of organised beings at the surface of the terrestrial 
e, merit more particularly being considered under this 
point of view. The scientific results to which my researches 
1 on this subject have conducted me, will not, I hope, be with- 
, out a corresponding parallel as regards the establishment for 
the higher kind of public instruction which our Prince, in 
Iiis solicitude for the intellectual development of our country, 
lias instituted among us. 

At the present time, one great thought prevails in natural 

*° CoiiiDiunlouted by Profobsor Aga^biK. 
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hbtorical studies, and divides those who have rcflecteil on the 
facts established by observation ; this is the investigation of 
the origin of living beings, and of the connettion whicli has 
existed between thum at all the e[)ochs of change through 
which the earth has passed. Of what nature is this connec- 
tion I What opinion are we to form in regard to those con- 
stantly recurring discussions on the succession of living beings, 
on the links which unite them, on the gaps which it is pre- 
tended exist among thein, on their similarity, and on tlicir ap- 
pearance at different periods 1 

There was a time when the eai'th was uninhabited ; and there 
is therefore in its history an epoch when life manifested itself 
for the first time on its surface, hy prod iicinga diversity of animal 
and vegetable forms, quite different from those which we see 
existing and reproducing themselves under onr eyes. Furtlier, 
the different types of animals and of vegetables have under- 
gone notalile transformations in the various phases of the his- 
tory of the earth, transformations which separate us from that 
tirst appearance of living beings to such an extent, that at each 
of the great geological epochs the animals and plants have been 
very different from ivliat they were at other times. These 
results have been obtained by science, through the exertions 
of geologists ; and if the whole of antiquity is not to be 
doubted, it is plain, that the ancient phiIoso[ihers, in order to 
^dOstruct the world, rather interrogated the secrets of human 
nature, than the external nature which surrounded them. 
And yet how many cosmogonies exist ! All nations have 
their own, and all have converted them into religious dogmas. 
Without pausing to examine doctrines as contradictory as 
they are supei-ficial, let us see «'hat we are (aught by facts la- 
boriously collected during the last few centuries. 

Wlierever the hand of man has opened up the bowels of 
the earth, wherever changes at the surface have exposed the 
deeply-seated layers of its crust, wherever time has fractured 
its solid masses, the observing eye discovers trncos of beings 
which no longer exist ; here there are the debris of mammi- 
fera, or reptiles, whose forms are as colossal as they are 
strange ; there the whole rocky mass seems composed of the 
debris of microscopic animalcules, whieli escape even the n 
practised eye. Far from the coasts of the sea, hetls f^m 
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oj-stors, and the lioles bored by pliolailes ou the flanks of 
mouiitnins, seem to indicate ancient shores. In other loctJi- 
ties. numerous rem&ins of fishes, and iniinonse banks of corals 
lying in their natural position, compel us to admit that our 
solid lands hiwe formerly been submerged, and that the beJs 
composing our loftiest mountains occupied the bottom of the 
sen, before they elevated tlieir daring summits to the sky. 

At first sight nothing but confusion appears in these masses 
of debris ; and, like Cuvier, we are tempted to compare them 
to an immense overthrown cemetery, so many members of 
various animals being mixed together pell-mell. But just as 
the antiquary has been able, by dint of assiduous study, to re- 
cognize, in the ruined monuments of ancient nations, evident 
traces of several distinct civilizations, of which written histo- 
ry makes no mention ; so, in like manner, it was reserved for 
modern science to lay hold of the impress of the different 
epochs which have succeeded each other at the surface of the 
globe. This impress once recognized, investigation ne- 
cessarily led to much more precise results, inasmuch as the 
laws of nature are not subjected to those veerings which, in 
the history of nations, betray every moment liuman incon- 
stancy. It is thus that a comparative examination has taught 
geolf^sts to recognize, in the midst of the greatest derange- 
ments, the order of succession of all the leaves of which the 
crust of the earth is composed ; and if, in this immense book, 
there are still some obscure passages among these leaves, in- 
quirers have not been the less successful in ascertaining the 
exact connection which exists between the different ages of 
the earth. With such results before us, we are no longer per- 
mitted to adopt an opinion on the history of creation, which 
does not take these data into account. 

Before discussing the connection of the phenomena to which 
I have just alluded, artd before searching for its import, let 
me be permitted to analyze them briefly, restricting myself 
to the facts relative to the animal kingdom, with which I am 
more specially occupied. When we study the remains of or- 
ganized beings which we find buried in the beds composing 
t)je earth's crust, we ore soon struck at finding that the order 
in which tliey succeed one another, from above downwards, 
and from below upwar<]s, dot'S nut at alt harmonize witli 
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I "iystems taught, anJ which formerly represented the whole of 
' these orgnnized beings as forming a graduated seriea, rising 
without interruption from beings the most imperfect to man. 
who now reigns supreme on the earth ; nor yet with that 
other opinion which, denying all succession, sees nothing in 
the ^^■hole of creation but a variegated nssemblage of diverse 
form?, which is to be traced to one and the same epoch, and 
has no other connecting bond but that of a common existence. 
Facts equally contradict these two systems, to which all the 
others may he referred, nnd of whicli they are merely varied 
commentaries. 

The most prominent result to which paleontological studies 
have conducted us, consists in the demonstration of a series of 
epochs independent of one another, in limits more or less ex' 
tended, during which living beings have been different, (By 
an Independent epoch I mean a Inpse of time during which 
organized beings presented the same characters, increasing and 
multiplying by means of generation, and presenting a spectacle 
analogous to that which we now see every day at the surface 
of the globe, where numerous very vai'ious species live mixed 
together, and propagate within determinate limits, without 
undergoing any notable alteration.) These different epochs 
ought to be regarded as independent of one another, because 
the differences presented by the debris of organized beings 
which characteme them do not correspond, in their na- 
ture and their intensity, with the modifications which beings 
now living undergo, in consequence of the influence of time, 
of climate, and of domesticity. Let us select as an exam- 
ple, an epoch when no reptiles yet existed. la there any 
one familiar with the laws of physiology, who will affirm 
tliat the first reptile which lived on the earth descended 
by means of generation, or in any other manner, from any 
one of the fishes which existed anteriorly? And, continu- 
ing the same reasoning witli regard to the mammifera and to 
birds, is it possible to regard them as descending from rep- 
tiles? Or such and such a family of carnivorous m.immifera, 
of a more recent period, as descending from some more ancient 
family of herbivora? Such questions, at the present day, 
carry with theui theii- own answers; and the objections draw^i 
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from the differences oliservcil between the different races o 
domestic animals, cannot in any way wejiken the general prin- 
eiple of the fixity of species. For, to place in the same Una, 
lihenomena so different as thut ot the succossion of different 
species, genera, families, and classes, and the partial and in- 
constant modifications to which, under the influence of man, 
certain animals which he has attached to himself, and certain 
cultivated plants, have been subjected, is at once to declare 
incompetency to discuss questions of this nature. 

But because the organized beings of these different ages of 
nature have not a genetic bond of connection of the nature of 
a successive sexual procreation, ivc must not hence conclude 
that they are not members of one same plan, and that they 
are not linked together by bonds of a more elevated descrip- 
tion, as we shall afterwards find to be the case. 

The only real difficulty on this point which remains to be 
solved, is the rigorous determination of the limits of all 
these great epochs ; for in proportion as the investigation 
of fossils acquires more, precision, the number of these dis- 
tinct epochs seems to increase. It is already ascortaineJ 
that the oldest formations, as far as, and including the coal 
deposits, are characterised by a particular order of things. 
In the more recent formations from the gr^s bijjarret up to the 
chalk, a second great epoch has been recognised, differ- 
ing as much from the first as from the tertiary epoch that suc- 
ceeded it, the latter terminating before the present creation, 
to which belong man and his contemporaries. These four 
great epochs, that may be called the ages of nature, are sub- 
vided into distinct periods, which are equally characterised 
by several peculiar features. 

If it were allowed me to enter into some more circumstan- 
tial details, I would add, that those who believe that during 
the first epoch there existed only animals of an inferior or- 
ganization, are strangely deceived. Far from that, from the 
earliest period, the four types of the animal kingdom have 
been represented at the surface of the globe : the Radiata, 
Mollusca, Articulata, and Vertebrata appeared simultaneously 
as the first inhabitants of the earth ; and at each of the following 
epochs, new types of these same great groups reappeared in 
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f B diiferent assemblage. Nevertheless, notmthstanding this 
unity in the general plan, the greatest diversity prevails in its 
development : the vertebrata of the first epoch are fishes, and 
fishes only, assoeiuted with Articulata, with MoUusca, and 
with Radiata, of species differing from those whith presented 
themselves afterwards. Thus we may regard this first age 
as characterised by the reign of fishes. 

During the secondary epoch, it was no longer the inhabi- 
tants of water which alone peopled the submerged surface of 
the earth ; the diss of reptiles appeared with a cortege of 
Articulata, of Molliisea, and of Radiata unknown in the pre- 
ceding age, and the fishes of this second great epoch assumed 
a character which those of the first did not at all possess. 
Strange monsters, of fantastic form, and of gigantic size, bring- 
ing to our minds the fabulous dragons and harpies, then 
peopled the sea and the earth ; and although some beings of 
a superior organization had already begun to shew themselves, 
the epoch of the secondary formations may he characterized 
as the reign of reptiles. 

At the same time a vegetation, of which none of the various 
floras of our epoch can give us a just idea, was developed 
during that remote period- 

If we pass to the examination of the tertiary formations, the 
scone at once changes. Numerous maniraifer^ heavy pachy- 
dermata, ruminants of colossal forms, singular cetaeea, and 
birds, besides reptiles and fishes more and more resembling 
those which live at the present day, without, however, being 
identical with them, form the varied fauna of this epoch. A 
rich vegetation was distributed over a more divei-sified sur- 
face, but was still shared unequally by the solid land and the 
ocean. The climate was more varied than formerly. This 
was the reign of the mnmmifera. 

Corresponding with these changes in the nature of organ- 
ised beings, others took place in the aspect of the surface of 
our globe. Kvery thing leads us to believe that after the 
consolidation of a first crust, when the waters had begun 
to accumulate at its surface, our earth did not at all exhibit 
in its relief the inequalities which we now see. It is, in fuet, 
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proved, that the different chains of mountains were elevated 

successively ; so that at different epochs, the boundaries of tbe 
solid land and the oeeau must hare presented different com- 
binations. It is also ascertained that in the most ancient pe- 
riods, the water occupied a much larger extent of the sur&ce 
than at present ; inasmuch as the most ancient beds In which 
fossils ai'e found, contain traces of aquatic auiuials and plants 
only; whereas we afterwards meet with immense accumulations 
of debris of plants indicating a terrestrial flora. These are the 
plants which are converted into coal. The appearance of ter- 
restrial animals is still more recent ; for it does not seem to 
reach a more remote period than the earliest portion of the 
secondary epoch ; and it is only much later, towards the ter- 
mination of the cretaceous epoch, and during the tertiarj 
epoch, that the solid land appears to have acquired sufficiett 
extent, and to have presented differences of level sufficieatly 
great, to admit of the formation of fresh-water lakes. 1 

A very remarkable, and perhaps the most surprising fact; 
is. that the appearance of the cliains of mountains, and the 
inequalities of the surface resulting from it. seem to have coin- 
cided generally with the epochs of the renewal of organised 
beings. Hence, what can bo more natural than to suppose 
that the great diversity of Espect presented by the earth, in 
consequence of all these changes, was calculated to present to 
man the most varied conditions of development ? This opinion 
oppears, in some measure, confinned by the history of the hu- 
man race, which exhibits to us the development of the most 
perfect civilization on continents "of the greatest diversity of 
surface, whereas the least intelligent races generally inhabit 
the monotonous and uniform regions. 

Up to the termination of the tertiary epoch, the law of de- 
struction was paramount. Man did not then exist. Before 
his appearance, the earth had once more to undergo dreadful 
convulsions, which produced the elevation of the greatest 
chains of mountains. It was only after this last revolution 
that he was called into existence, along with all the beings 
which now live with him on the earth ; and thenceforward we 
^nd unfolding itself that long history of our race, imposifig 
ihc- laws of its intelligence on the whtjle of nature, Fof^^H 
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t time a sort of privileged being ruled over nature, and 
inced to greater perfection by divesting himself of the ani- 
l character whicli connected liim witli other creatures, in 

Wer to emancipate those intellectual and moral faculties, 

which recall in him the image of his Creator. 

It evidently results from the whole of the facts, and from 
their connection, that, not n'ithstan ding the apparent inde- 
pendence of these great epochs, notwithstanding the absence 
of genealogical connection in the diiferent species which cha- 
racterize each of them, the order of their succession presents 
a plan in which they are closely linked together. We see, in 
fact, that to the reign of fishes succeeded the reign of reptiles ; 
to the latter the reign of the mammifera ; and in the last 
place only, the reign of man. But these three classes of ani- 
naals exhibit in their succession a progressive gradation of oi*- 
ganization, as we shall presently find. Abstracting all geolo- 
gical ideas, and apart from all connection with the epoch of 
their appearance on the earth, the class of fishes has always 
been regarded by naturalist'i as inferior to the three other 
classes of the vertebrata. The form of their body, the ab- 
sence of distinction between the head and the other ptuis of 
the body, the imperfection of their locomotive members, 
which are only balancing organs, destined to niauifain their 
equilibrium, while the entire mass of the body contributes to 
make them progress; the existence of branchije in place of 
lungs, as a respiratory organ ; the simple circulation of their 
blood ; the remote relations of the sexes ; the small degree of 
intensity of their sensations ; the imperfection of the organs 
of sense ; the smallness of the brain ; and their obtuse intel- 
lectual faculties — everything in their organization has assigned 
them a rank which no one has proposed to elevate. But how- 
ever inferior their organization, and thongh they occupy the 
lowest rank in the class of the vertebrata, they are so much 
the more interesting to the observing naturalist ; for they are 
the point of departure of a graduated series which commences 
with them and by them, to terminate in man himself. 

I should transgress the limits 1 have traced out for myself, 
were I to undertake to prove that tiie class of reptiles is in- 
termediate between that of fishes and those of binls ami thte 
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inammifora, and that tlipse last approach verj' nearly to man ! 
in their organization ; bo that, reganled as a wliolc, these four | 
classes seoiii to he the successive degrees in the maniFesta- 
tion of the type of the vertehrata. 

Invertehmte animals do not appear to he subjected to ^ 
some hiwsof devolopemcnt as vertebrate animals. For, what 
superiority can we assign to tlie Vermes, which form a part of 
the Articulata, over the Cephalopoda, which belong to the 
Mollusca % and on what grounds can we place the Acephala 
above the Echinodermata.vrLicharencvertheless true Radiatai 
The trutli is, that the existence of the Invertebrata cannot be 
referred to the same principle which is manifested in the de- 
velopment of the Vertehrata, which latter are undoubtedly 
linked with the existence of man. Ascending to the epoch of 
the first appe;irance of fishes, we find that the Radiata, thp 
Mollusca, and the Articulata, have pursued a series of meta- 
morphoses, which lias not at all elevated them to higher types. 
The corals of the most ancient formations are analogous to 
those of our seas. The Echinodermata go back equally far ; 
and if we notice tlie important modifications in their relations 
with the surface, and in the distribution of their families in 
the different geological epochs, we find no indication of tlieir 
genetic connection « ith the other classes. The same is the 
case in the three classes of Mollusca ; the Acephala of the 
early periods are, it is true, less free, their symmetry is not 
marked in so decided a manner on the sides of the longitudi- 
nal axis of the animal, the anterior and posterior regions of 
the body are not so clearly defined, the variety of species, 
genera, and families, is less considerable than in more recent 
epochs ; hut, notwithstanding all that, they advance iu a 
parallel line with the Gasteropods and the Cephalopods, which 
have at no period been subjected to a greater amount of mo- 
difieations. With regard to the Articulata we may make the 
same observation, notwithstanding the imperfection of our in- 
formation respecting the fossil species of that division. The 
Crustacea, which are placed at the head, have not bv anv 
means been preceded by the insects and the Vermes ; any more 
tlian the Cephalopods iiaie been by the Gasteropods and the 
Acephala, and the Echiuodermata by the Medusa* and PqI 
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I Nothing is move worthy of our attention tlinn the aimtilta- ^| 

neous appoBianee of the nine classes of invertobrato animals, 
and we can only understaiiil it by regardinf^ these animals as 
manifestations of partJeidar tendencies of life, the principle 
of which goes hack as far as that which is displayed in the 
appearance of vertebrate animals. But how great is the 
difference in the case of the latter ! Of these there are only 
four classes, and these classes made their appearance succes- 
sively at the periods and in the order of their organic grada- 
tion. TJiere is hove a real progress in the manifestation ot 
the organic characters which successively appeared, according 
as at eacli epoch a new and higher class became detached from 
the iirst trunk, while creation was approaching its termination. 
In regarding -the whole animal kingdom in this point of 
view, we cannot fail to recognise a premeditated plan, con- 
nected together in all its parts. The idea sf a superior in- 
telligence, independent of creation, and which from the earliest 
time iixed its phases, at once presents itself. It would he 
impossible reasonably to attribute such a linking together ii» 
the epochs of creation to a power unconscious in itself, acting 
without vule, or according to immutable laws. A more power- 
ful intervention tlian the organic forces of nature, reveals 
itself to our intelligeuce in tliis succession of living beings en- 
dowed with a temporary stability, and giving place, after hav- 
ing existed without modifications during a given time, to other 
beings whose duration \vas to be equally transient. To what- 
ever influences recourse may be had as regai'ds the finished 
world, we cannot conceive of the spor t meous formation of 
living beings by the solo action, or by the combination, of phv^ 
sical forces. Hut hero we mutt at the outset make a distinc* 
tion between the establisli ment of the order of things which 
has regulated the whole of nature from the commencement, 
and has been maintained throughout all time, and the par- 
ticular acts of creative ivitl, ivhicli have only operated for the 
establishment of particular portions forming part of the gene- 
ral plan and in some measure only its conseipience. The time 
is therefore arrived when science likewise can recognise in 
nature tied the Creator, the Author of all things, as he wss 
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f^ven to itmn tu be vecogniseil in his own heart when he re< 
llectcd upon )iiniself. 

Jtut here the task which tlie naturahst ought to impose on 
himself by uo incanB terminates. If it is an obligation on 
science to prot-'luim the interveittioii of a divine power in the 
development of the whole of nature, and if it is Lu 'hat power 
jiloiic that we must ascribe all tilings, it is not the less incum- 
bent on science to ascertain w hat is the influence which physical 
forces, left to themsehes, exercise in all natural phenomena, and 
what is Ihepart of direct action which we must attribute to the 
Supreme Hfing in the revolutions to which nature has been sub- 
jected. For a lung period moralists have been endeavouring 
to trace tlie limits of human responsibility, and to Hx the de- 
gree of liberty which is devolved on miin b^his nature. It 
is now time for naturalists to occupy themsclveB likewise, in 
theu" domain, in inquiring within what limits we can recog- 
nise the tracts of a divine interposition, and within what 
limits the phenomena takes place in conseijueQce of a state 
of Ihiugs immutably established from the beginning of crea- 
tion- 
Let me eudeavonr to give more precision to what 1 mean. 
If the course of the stars does not present to us any variation, 
if the order of (he seasons is immutable, if the reproductltm 
of species alwaj s takes place in the same manner, it is evident 
that the cause of these phenomena is reguhited in an unvary- 
ing manner, and follows natural laws, independent of tlie 
creative will which established them. But if, on the other 
hand, we see in the beds of the crust of the globe a succession 
of organised beings such as no longer makes its appearance, 
and such as man has never seen appearing, such, in tine) us 
our intelligence cannot conceive appearing spontaneoudy 
under the simple influence of the forces of nature, we must 
attribute its creation to a Supreme Intelligence, which has 
regulated from the beginning of time the order of the world. 
Let it not be said that it is not given to man to sound these 
depths: the knowledge he has acquired of so many hidden 
mysteries in past ages proiiiiacs more aiul more extended 
revelations. It is tin error to which the uiiml, irom a uattuiil 
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pclination to indolence, allows itself too easily to incline, to 
Iwlieve impossible what would take some trouble to investi- 
gate. We generally rather prefer imposing limits to onr 
faculties, than increasing their range by their exercise ; and t!ie 
history of thestiences is present to tell us, that there are few of 
the great truths now recognised, which have not been troatcfl 
as chimerical and blasphemous, before tbey were demonstrated. 
I now pause, in order that I may not digress from my sub- 
ject, and I terminate this discourse by briefly recalling the 
points on which I have insisted- The earth has its history, 
a history as rich in great events as it is long to narrate, and of 
which geology is now successfully collecting all the details. 
But the facts whose certainty is generally recognised, have 
also their instruction for ns. The history of the earth pro- 
claims its Creator. It tells us that the object and the term 
of creation is man. He is announced in nature from the first 
appearance of organised beings ; and each ijnportant modifica- 
tion in the whole series of those beings is a step towards the 
definitive term of the development of organic life. It only 
remains for us to hop 1 1 1 t n f t t i our epoch 

of the intellectual d 1 ^m t I 1 11 d to human 

nature. May the e t 1 1 1 t I y t m has this 

day assembled us, b d y k d m g th st institu- 

tions which shall ha nt b t d t th t Iject i 



Account of Observaliong recentli/ made on the Glacier of the Anr. 
By Professor Agassiz. 

M. Ar.ASsiz 1ms nddccsacd a letter to the FrcDcli Academy of Sciences, 
dated from tlie glHcier of the Aar, 1st August 1842, in which wc find tliu 
following dotoils :— " For sixty hours, it has not censed snowing licru. 
The tempenituro of the nir li.is not tiaen itbovo -f- 1 C (33°.8 F.) foe twu 
days, and nt night it has been at — 4° C24''.8 F.). The snow is extremely 
fine and incoherent ; and it faUs, for the most parr, in the furin of n light 
duetj compoacd of very small needles very irregularly aggtegated, niul rc- 
maiuing for a long time suspended in the nir before tliey fiill to the eattti. 
This observation invalidates the assertion, bo often repeated, that the 
rdvi ill the high regions fnlls in the granular form which cliunicterizes ii 
Since 1 began to visit the A1[ih," adds M. Agassiz, '' I have often scenJ 
snow fall in ihc raoiUhs of July, August, ;md September, nt heights a 
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7000 or 8000 fcit; nud 1 liavc fit^qucntly GXaniincd it !.liortly afret its 
fall, nt heights ot 9000 feet und more. But I liave never seeii it fall in the 
form of neve ; llic mow wiib ulways in flukes when llie tempcrnture wns not 
under 0° (32° V.) nt the surface of the glncier, and powdery when tlie cold 

"Anotherphcnoineiion which has struck me in these lofty regions, is the 
brightness of the nighta wlicu the sky is cloudy, and even vrlien it snowii 
or mias. Duting such weather, we can nlwnys distinctly see tlie hour on 
our watches at itny time of the night ; whereas, the obscurity is niuch 
greater when the sky is serene. This apparent auonialy reealla the obscc- 
vaiions of M. A rngo on the light of clouds." 

U. Agassii then uolices his observntions relative to the glacier itself; 
■nnd first of all as to its progressive movement. It would appear thattlie 
movement is mueh greater at the centre than at the edges ; at least, sinM 
last year, the eentce lias advanced 2G9 feet, the bouiIi edge IGO, and the 
north edge ]2fi feet only.* The ablation of the surface, resulting from the 
melting and the evaporation, has niso been more coniiidcrable at the eenlce 
than at the edges, contrary to what theory would lead us to EUppost. 
I'row [he beginnmg of September lust year to the 20tli July this year, the 
ablation in the centre hus been G feet 5 inches, and that at the edge 
4 feet 4 inches, without, however, tbc absolute level of the surface being 
changed in an appreciable manner, M. Agnsaiz has likcwiiic noticed, 
that erevoiaM are more frequent anil wider at Ihe edges, especiulij' Bt 
places where little promontories present mi obstacle to the progressive 
raovenient of the glacier, — than towards the centre and along uniform 
vails. 

M. Agassiz quotes many facts, which seem to Lim to prove that the 
crevasses generally do not traverse the glacier, as is supposed ; and ibat 
the water which aecumulates there runs off, by being infiltrated into the 
ice. In order to place this infiltration beyond a doubt, M. Agassiz latelv 
performed an experiment on a large scale. In a mass of ice included 
between two great crevasses with very smooth sides, of a deep blue 
colour and extremely compact, he caused to be excavated a horiEonlaj 
gallery, 4fcet high by 3 feet wide and 8 feet long. At the surface of the 
glacier, above the gallery, he bored a vertical bole 5 feel deep, into which 
he emptied five litres of concentrated tincture of logwood. In half an 
hour the liquid bad all escaped, and, two hours afterwards, it exuded 
through the capillary fit^surcs along the roof of the gallery, having pcDC' 
trated a mass of ice of 20 feet. The colour, moreover, extended to the 
walls of the crevasses, and penetrated below the roof to unknown depths. 
M, Agassiz has repealed the same experiment n great many times, on a 
Biuall scale, at different parts of the glacier, and has every where found 
that the infiltraliou is much nmre rapid in the blue than in the white ice; 
which tatter becomes coloured very slowly. An important obscrvutiun 
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n, that the liquid is not distributed anifomily through the whole 
hut onlj inBltrates through the CBpillarj iiESur^B. 

In examining id detail the structure of the ice, M. k^a^m. noticed, 
round the buhbleii of air it contain?, bubbles of water of various forras^. 
1 which can only be dislinguisUed in certnin positions opposite the light 
The presence of Ihis liquid water round bubbles Of air in great masses oCl 
ice is a very extraordinary fuct, nnd is considered by M. Agassii 
phenomenou of diafhermaniiie, the more especially as tliesc bubbles 
come larger and more distinct when the ice lias been for a long time 
posed to llie air, 

M. Agassiz was anxious to know exactly the quantity of air eonta 

tin the various modilications of the ice of the glacier. M. Is'icolet 
charge of the experiment, and obtained the following mean results : — ■ 
MM 
Te 
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32 cubic centimetres of si 



.. ice formed under that sn 
.. blue ice of the gallery. 
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M. Agassiz lias asccrtnitted, tlint th 
Tery considerable. It is only in stormy and snowy nights that the tlicnno" 
netrograptiB placed iil the surface of the glacier and of (lie moraine do not 
differ in their indications, whereas in clear nights the tlienuomctcr always 
descends 1 or 2 degrees cent, lower on the glacier tiinn 
|>I. Hugi asserted, that the temperature of the moraine is always 
lower than that of the glacier; observations continued for three 
bavc proved the contrary. 

It has been long said, that the ice of the interior of the glacier is 
pletcly free from earthy matter, bccnuse it rejects every thing which fiills 
into its crevasses. This assertion is by no means correct, as the following 
■will show : M. Agassiz melted a quantity of ice raised from a depth of Zi) 
ftct under the surface of the glacier, and which yielded STlilres of water; 
and he found that it contained 64 grammes of fine sand. Proceeding on 
thc;e data, we may calculate a pproxima lively the amount of sand 
tained in the glacier of the Aar (whose ice seems extremely pure), i 
-enormous quantity of 2,560,000 kilogrammes. 

The mode of disaggregation of the ice at the surface of the glacie 
also been the object of continued observation. In proportion ns the at- 
mosphere acts on the glacier, after the inciting of the snow-s of the cold 
season, which disappear completely in May and June, the ice becomes 
porous, but does not decompose uniformly. At first it is generally white, 
wherever there is no accumulation of friigmcnts of rock and of dust to pro- 
tect it from the action of the sun; butinproportiouasittmbibes the water of 
ins, its tint becomes more and more blue. These difi'eronces^ 
of colour arc maintained at all parts of the glacier where the form of 
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eurfaco causes constunt currents of waier during the daj, or at least n largti 
supply of water after Lcuvir miss. This contrast is jMtrticuliLrlj etrikiD; 
whun R TiolcDt f^ll of mtn occurs afttr a Guccecsion of acTcral Rnu ilays ; 
tlie glacier, which TCiia rendered wliite by the warm daja, llicn becomes 
at once UiKiinctlj htuo. Wlien the heat continues for a long time, tliF 
whole surface becomes disaggregated in vnrioua wnys ; the 'white band; 
USBUine the aspect ofa granular snow, perfectly similar to theneTc, where- 
as the blue bands are ilecorapoEed into angular fragments, and the po^ 
tions which consist of intimately blended blue and white ice assume a 
structure similar to thHt of pumice. Another effect of Llie suporfieial dc- 
eoinpoaition of the ice, is llie diqiinctinn of the blue and white bands, 
between which arc formed very elongated lonj^tudinal fissures, thai 
penetrntc more or less deeply. These fisHures fre()uontlygive rise to dii- 
tueations resembling parallel faults ; the whole glacier sometimes ac- 
quires, in consequence of these dislocations, the appearance of a great 
book placed on its back, and so ha opened ns to cause the leaves to slide 
pn one another. 

M. Agnssiie next speaks of a curious phenomenon which came under 
liis ohsecvntion. At half-past four in the evenmg the workmen wwe 
boring, when Ihc glacier begau to crack under their feet, and to discn- 
gugo a largo quantity of aic-bobblcK. Crevices of some lines in breadlh 
soon presented themselves at the surface. After Che lapse of some mi- 
nutes a crack wns heard, resembling siinultAncous detonations of lint- 
amis in platoon tiring, accompanied by single reports, and couimotiaiiE 
similar to those caused by an earthquake. The glacier really trembled. 
A little aflerwanls, about seven o'clock, the bore, which was 130 ftct 
in depth and 6 inches in diameter, and full of water, was emptied in 
a few minutes — a fact proving that these creviees, although very met- 
TOW, penetrated to great depths. At half-past eight the shocks still cae- 
tinued, and they were heard during (he night. M. Agnssiz counted a 
dozen of crevices, of which the largest was about an inch and a-hulT 
wide. A circumstance worthy of notice is, that they all succeeded cacli 
other from above downwards, following the slope of tlio glacier. 

With tlic viewing of obtaining; information regarding the temperature 
of tlie glacier during winter, M. Agassiz had last autumn introduced two 
of Buntcn's thcrmometrogrnphs into bores of 12 and 21 feet in depth. 
(See this Number of the Journal, p. 277.) But notwithstanding the pre- 
cautions which had been taken, the one alread}' brought up has not af- 
forded a correct result. It was hoped that the other would be eitracted 
by means of a current of water. 

In conclusion, M. Agnssiz announces the return of MM. Desor and 
Escher dc la Lintli from a successful ascent of the Schreckhoni, whose 
summit rises to the height of 4082 metres, and had not previously been 
reached. The hygrometer indicated 43 al + 4". C. (30°, 2 F.)— (L7«- 
sIHut, No. 453). 
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Proceedings of the Kovai. Scottish Societi of Ahts, 
Session 1841-42. 

The Annual General Meeting of tlie Society wan held 14 J 
the Royal Institution, on Monday, 8th NovL'Uiber 184],- 
Andrew Fyfo, M.D., F.U.S.E,, President, in the Chair. 

Before proceeding to the business of the evening, Dr FyftJ 
addressed the Members. He eongratulated them on having, J 
tlirough the exertions of their Seerctary, obtained a Royall 
Charter of Ineorporation, and that in future the Society is tAB 
bear the title of " The Royal Scottish Society of Ama," 
During the three Sessions proceding that at which he was 
called to the Chair, the number of entrants amounted on an 
average to 45 per annum. In the last Session the number 
was 39 ; while, at the same time, numerous communications 
^■ere presented, some of them of great importance, not only 

a seieiitilic, but also iu a practical point of view, as was 
fdicwn by the printed Report of the Prize Committee, in which 
■ould be seen that a greater nmnber of Premiums are tliis 
.i/eax awarded than during any former Session, 

Dr Fyfe afterwards alluded to the loss the Society had sus- 
■ijtiuncd by the death of several of its distinguished members, 
but which, be hoped, would be compensated for by the admis- 
sion of others, and the renewed exertions of those he now ad- 
dressed ; and he entreateil them that, whatever differences of 
opinion might exist among tliem, they would carry on their 
discussions in the spirit of charity towards one another, bear- 
ing in mind that the dist-overy of iriil/i, and not victory, iv:is 
the object they had in view ; endeavouring to assist each other 
itt their pursuits, and thus, by co-operation, striving to promote 
the welfare of the Society, and consequently giving encourage- 
ment to the Arts and Sciences, the object fur which the So- 
ciety was founded. 

The following communications were then made : — 

1. At the request of tlic Council, an Experiuiontal Exposition of tlie 
.Theory and Jleuhanism of tlitt Steiiiii- Engine whs given by George Gluvir, 
Xei]., F.R.S.S.A., Letiurcr on Naloial Fhiloaophy and Medical Plivbii!.. 
Bdinborgti. (8-23.1 1 



104 J'rorcef'iu^s i// //le Hoyal Scollieh Society of Arts. 

Mi Qlovcr illustralcd ihe sutgect by ft vaiicty of Liblcs, diagraniB, mi 
PxpctimcD la, exhibiting the vorioaa contributions wbich hiLve been made U 
our knowle<Igc of tho esponsive effects of heat on elaatic fluids, more espe- 
L-iailyuf steam ; reftrring to the inTestigations of Iho late Professors Eobison 
and BInck ; of Dalton nuil Gny Loaaac on the laws of oxi.unsion, and the 
recent correotions by Itiidaberg ; the expcriincntB of Uro and Soutbcm, and 
the Report by the Conimilteo of the French Institute, on tho elastic force of 
high prcaEiire steam. Mi Glover then traciid the history of the sleam-engite 
fruiu th(! eutly records uf its cmploympnt in the idolatrous worship of ttie 
Egyptians and Greeks, doivn to i1» perfection by the genius uF Watt,— «t- 
Inkling curiously to the Tarious modiGaLtionB it has since undergone. 

Tliankfl lotcd, and given to Mr Glover from the Chair. 

II. The liejiott of the Prize Committee, awarding the Prizes for Session 
ieJ0-4I, was read; and lb e Piizcs wore delivered by Uio President lo Ike 
successful Candidates. 

I IL The Models, Drawings, &e. of lavcntiona, &c., for wJi'ich the I 
have been nwarded were exhibited. 
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I. The following Candiilates were balloted for as Ordinary 
Fellows, \iz. :— 

I. Doaglas Daird, E»[., Ironmiistei', Gurtshcrrie. 2. Duvid TLomuiQ 
Hope, Esq., Ci\il Engineer, 8 Hnsael Street, Liverpool. 

II. Lists of the Fellows as at Ibt November 1841, were 
laid on tLe Table ; and are to be circulated witb the Fascicoliu 

if the Transactions about to be issued. 

III. The Society elected the following Ofiice-Bearera ft* 
Session 18il-42 :— 

Tlie Queen, Patnniat. 

Sir Jobs Robison, K.H., F. K. S. E., rrcMcat. 

John Sh.\nk More, Esq., F.R.S.E. I 

William Galbhaitii, A. M., ) 

James Ton, Etq., W. B., h-rcrclartj. 

John Scott Moncbiefk, Esq., Accountant, Trtainrer. 

Onliitaiy Cuunclllon. 



C. H. Wilson, A 


R. S. A. 


Andrew Tawse. 


Alex. Bbtsos. 




Douglas Maclaoan, M. D 


Alex. Rose. 




Andrew Ftte,M.D. 


AV. Chawplrc. 




Geo ROE Gloves, 


Chables Cowan. 




HonBllTWKlQHT. 


William Wood. 




AbCHD. G1BS0.N. 



£i^l/ir of Traniaclitm.',-~M. Fontoh, Esq., F. R. S. E., 
Cuniluf of Mtiicmn, (Vacant till now arrangements be made.) 
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22(/ Noreml-er 1S41.— Sir John Robison, K.H., President, 
in the Chair. 

Before commencing the business of the evening, tlie Presi- 
dent expressed tlie gratification he felt in being placed Jn th« 
Chair of a Society in the welfare of which he had always taken 
a warm interest, having co-operated with Sir D, Brewster and 
Mr Guthrie Wright in its early organization, and having ac- 
companied it in its progress from small beginnings to the state 
of vigour and efficiency which it bad now attained ; a state of 
prosperity, he observed, which was in a great measure owing 
to the unwearied assiduity of their Secretary, and to the zeal 
and talent of the successive Councils, and of his predecessor*; 
in the Chajr, to whom the Society had intrusted the manage 
ment of their affairs. He added a hope that the progressiv) 
advance which had been made by the Society would be con" 
tinued, and that, with the augmented numbers and renewed 
activity of the members, they might anticipate a copious suppl 
of valuable communications, from which large additions might 
be gained to their stores of useful knowledge. The President 
then proceeded to add, that many well-informed pei-sons doubt- 
ed the utility of such Institutions in promoting the useful arts. 
These persons enquire, "Where are the great inventions or 
provements which such societies have produced ?" To such per- 
sons he suggested it might be replied, tliat their view of the 
effects of such societies was a very limited one, and that they 
might with as little justice assert, that a whet-stone was of no 
use, because it is not applied directiy to the fabrication of 
machinery ; yet without this whet-stone to prepare bis instru- 
ments, the mechanic could not construct any of those machines 
which had raised Britain to its eminent rank among nations. 
It might not often he the interest of individuals to make such 
societies tlie channels by which their discoveries or improve- 
ments should he brought before the public; but it did not follow 
that the firat germs of their discoveries were not sown in such 
meetings, although the blossom and the fruit might appear 
elsewhere ; their meetings might he looked on as whet-stonea 
of the intellect, and few persons who attended tliem would 
say, that, in listening to the communications read at them thej 
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bad not gamed useful knowledge, or would deny that, in taking 
part in the discussions arising from this, valuable ideas liaJ 
been excited in tlieir own minds, wliich, but for such excite- 
ment, might have lain for ever dormant. He concluded by 
stating, that, in an account given in the London papers of the 
19th, of the rendezvous of the fleet of West India steam pack- 
ets at Southampton, there was a striking confirmation of the 
view he had taken of the effect of such societies. In this nc- 
couiit It is stated, " that these vessels, as tliey arrive at the 
rendezvous, are subjected to certain trials of their qualities, 
and that three (which are there named) have proved very 
superior to the others.'' The President observed, that it so 
happened, that these three were constructed by the same per- 
son, a member of their own Society, who had discovered a new 
principle in naval architecture, which principle had been tested 
by an extensive series of experiments, made at the expense 
of the British Association for the Advancement of Science, 
These circumstances, he considered, afforded undeniable evi- 
dence of the positive good which is produced by the exertions 
of such societies, and an ample refutation of the doubts ex- 
pressed of their usefulness. 

The following addresses to Her Majesty the Queen, and to 
his Royal Highness Prince Albert, on occasion of the Birtli 
of the Heir- Apparent to the Crown, proposed by the Council, 
were unanimously approved of, and ordered to be signed, 
sealed, and transmitted to the Secretary of State for the Home 
Department for presentation : — 

"Unto the Queen's Most Excell,bht Majestv, 

The Humblo ADSBBsa of tbe Botal Scottish Society of Abts. 

" May it please your Majesty, 

'■ We, tUe President and Fellows of Tlie Royal SeotiUh Soeifty ofArls, 

recently incorporated by your Majesty's Boyal Cliailer. beg leave, as oui 

(list Publio Act uniiet our Cbarter, respectfully to approach your H^esly 

with the assurance of our sincere ottiichment to your Bojal Fenon awl 

Oovemment, and to express loynlly and fervently our participation in Um 

gieal joy with which the auspicious birtli of a Prince liu filled all hurU. 

United, as we ate, for the encourngement and promotion of tbe Ut^id Artt, 

m we gratefully acknowledge the advantages whicb the benignant inflaenMof 

' * our liappy Constitution, under your Majesty's gracious sway, has ever aftxd* 

ed for the prnsecution of useful study, anil ihe advaocement «f art nd 
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■cienre, Willi feelingi, therefore, of doep eiuolion, wo rcsanl Ihe prcBent 
niDBt propilious evectj which gives lo this Empire anollier security, tlint, 
uiidet ths royal shelter imd poitronagie of yoar llonee, the cbusd of Science 
and the Arts shall long continuu to tiuurish in tranquil prosperity. Most 
heartily we pray that a gracious Providence uiny surround your Boyal Per- 
son and Piunily with oveiy bleBsing, and nuiy ioag preaorre your Majesty 
in the fulness of domestic happiness and of puhlic glor} to reign over a free, 
loyal, and religious people. 

" Signed in our name and by our appointment, by the President, Vice- 
Presidents, ScfTetary, and Treasurer, and sealed at Edinburgh the twenty- 
second day of November, in the ye^r one thousand eight hundred and forty- 
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(Signed) "John Robison, Preiidmi, 
" J. S. More, Vitt-Fretidail. 
" William Galbxaith, Via-Pretidail. 
" Jaueb Tod, Srm(aty. 
" JocN Scott MoNtaiEFF, TirmuTfr.'' 



'TTnto FieU-MMBhall His Hoyal Highness Phihie Albert, K.G, &i: 
The Humhle Address of the Royal Soottish Societv of Arts. 
" Mny it please your Royal Higlinuss, 

'• We, the President and Fellows of The Itvijal Seullith .'fcricijf of Arit, 
desire respectfully to e^ipress oar Cikithful attucliment to your Boyal Person, 
and to otter our humble congratulations to yoor Boyal Highness on tlie 
suspicious event, which, by the birth of a Prince, has gladdened the hearts 
of the people of these realms ; and which, in the mercifal dispenaatioi 
Providence, has preserved unimpaired the health of your Royal llighnei 
Consort, our most gracious Sovereign. We earnestly pray that the life of I 
the illustrious Prince may be long and prosperous, and that every member | 
of the Royal House, of wbich we trust he is destined to be a signal ornament, I 
may he ever secure in the loyal affections of a happy people. 

" Signed in onr name, and by our appointment, by the President, Vice- ^ 
Presidents, Secretary, and Treasurer, and sealed at Edinburgh the twenly- 
setond day of November, in the year eighteen hundred and forty-one. 

i L S J (Signed as above.) 

The following Communications were then made : — 

1. Deactiptlon, with Diagrams, of a Portable Diorama, constructed by 
George Tait, Esq. advornte. The Diorama was exhibited. Thanks 
and abstract to be printed in the Transactions. (It:t3.) 

2. Desrription, with a Drawing, of tho Apparutus invented by h 
tumingon and shutting olTthe Oas which illuaiinates the Translucent Cloeltr 
Kal above his shop. By MrRobortBtyson, clock and watch maker, Princrt) 
Street, Edinbiugh. A full-giKed working Model waa exhibited. ~' 
voted, ami lo be pruited in the Transactions. (1131. J 
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3. Donation, — Astronomirnl Obscrvftlions made at the Ito^al Obetrratary, 
Edinburgli, By TLomos Henderiion, Ilsq. F.It.SaL. luid £. &r., Her Ma- 
jeaty's Astronomer for Scotland. Vol. IV. in 1838. Presented by Ihp 
AiillioT. Tiiimka voted. (K)G.) 

4. Douulion, — The Civil Engineer and Ardiiteot's Journal, Nos, 45, *7, 
4S. Presented by Mr Knowlcs. Tlinnhg voted. (825, BZG, 827.) 

& Donali.m.— Tlie Capo of Uood Hope Pamphlet, No. 1.(1841.) Pre- 
Hated by Mi IL Dempster, the Author. Thanks voted. (821.) 

I. The following Candidates were elected Ordinary Fel- 
lows, viz. : — 

I. Jiimes Saunders Bobcitson, £aq. W-S., IG South Charlotte Street. 
% Mr John Hughes, printer, 37 East Claremont Street. 

3. Mr Charles Maophorson, printer, 37 Qeorge Street, 

II. Motion by the Secretary, — " That the sum of L. 15 be 
given out of the Experimental Fund, in aid of any suhscri])- 
tions which may be raised towards enabling Mr Davidson of 
Aberdeen to construct an Engine of any kind on the large 
scale to be propelled by Electro -Magna tisai, for tlie purpose 
of discovering the relation which may exist betwixt Size and 
Power. The money to be expended at the sight of a Com- 
mittee; but Mr Davidson to be left uncontrolled as to the 
method to be followed in his experiments,' 

The motion was carried tmanimou»Iy. 

III. In terms of I.aw XX., the Society appointed a Com- 
mittee to audit the Treasurer's Books, and to report thereon, 
and generally on the state of the Funds of the Society. Tbe 
Report to be given in at tbe meeting on 13tli December next. 
The books will be laid on the table. 

IV. It was stated that a Fasciculus, containing Part V. of 
Vol. I., and Part I, of Vol. II, of the Society's Transactions, 
would speedily he delivered by the Collector to Ordinary 
Fellows residing in Edinburgh. Those residing in tbe coi 
were desired to apply for their copies to the Treasurer. 
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13M December 1841.— Sir John Robison, K.H. Preside 
in the Chair. The following Com mnnicat ions were made: — 

1. On a new fumi of Booring Tile, recently invented in France, onitiDg the 
adraotages of more perfect protection from the weather, witli a belter a{i- 
pe-inmce and loss iveiglit tlian those now in ugc. Communit-nled by Sir 
John EobiEon, F.R.S.B., Free. R.S.& Arts. 

Specimens of the Tiles and a. Modi-1 of a Roof vere exhibited, "niakkl 
tuted, and desrriptiun to 1)e printed in the Titinsnclions. (B39.) ^^^H 
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2. DeBcriplion and Drawing of a Compensation- Gove rnoi for the Btea 
Engine. By Mr John Yule. 47 Sauchichall Street, Glosgow. Commu 
cnted by John Seott KuBBoli, Esq. F.R.S.S.A. Greenock. Referred ti 
cnminittoo. (0[3.> 

3. Description and Drawings of Improved Expanding Strew-Tnp, DriUi 
and MiuuIiiU. By the eutne. Coiutunnieatod hy Mr Scott BuGSell. 

The Screw-Tap, Drill, and Mandrill, were exhibited. Referred to a a 
mittee. (B20.) 

4. The Secretary read a paper, on Iho Economy of rtii&ing WBiler fi 
CoalMineBOQ the Cornish principle. Communicated Iiy 'William FairbaitS 
Esq. engineer, Maneliesler, Hon. M.R.S.$.A. (830.) 

The following donation was laid on tlie table. : — 
Transactions of the Uunctiester GeoIogicalSociety, Vol. 1. 1811. 

ed by 'William Fairbaim, Esq. engineer, Manchester, Hon. M.B.6.S.A. 

(B3B.1 

The following Candidates were elected as Ordinary Fefc 

lows, viz. : — ■ 

1. Mr John Stevenson Brown, iron merchant, 17 George Square. 

»S. Mr Jumes S. Duncan, bootmalior, H6 Prince's Street. 
3. Jobn Steel, Esq. sculptor to her Majesty, 1 Randolph Place. 
A. George Tail, Esq. advocate, 4 Abercromby Place. 
In terms of a recommendation by the Council, Mr Alexander 
Kirkwood, Meuse Lane, St Andrew Street (a Fellow of the 
Society), was appointed Medallist to the Society during plea- 

JBure. 1 

The Secretary moved — " That six tiekets of admic^sion tofl 
each of the ordinary meetings of the Society be placed at tlw^ 
disposal of the Secretary of the Edinburgh School of ArU, 
to be given to such of the students of that School as the re- 
spective lecturers may consider best entitled to them from 
good attendance and proficiency in their studies." 

This motion was carried unanimously, on the understanding 
that the tickets shall not be issued until larger accommodatiooi 
be provided for the meetings of the Society. 

In terms of Law XX., the report of the Committee appoint- 
ed to audit the Treasurer's books, and to report tliercon, ami 
generally on the state of the funds of the Society, was res 
and approved of. Mr Home, Convener. 

The President grantetl discharge to the Treasurer in termi 
of Law XX. 

VOL, XXXllI. NJ T.XVL OCTOBEB 1842, 



*10 PncetiHagt of the Jio*ia1 Hcottiak Secielg' of j4rtt. * 

IQlh January 1842. — Sir John Uobison, K.H,, President, in 
tlie Cliair. 

An Answer Wiis rciui fruni the Sueretary of State for tlie 
Home Department, to the Society's Address to her Majesty 
the Queen on tlie birtli of the Fiinee of Wales, stating tliat 
hpr Majesty had heen pleased to receive the same very gra- 
eioiisly. 

An Answer was also read from G. E. Anson, Esq. Treasurer 
to his Royal Highness Prince Albert, to the Society's Address 
to liis Royal Highness. 

The following Connimnications were then made : — 

!. A Model of ail Apparatus for Tilling or Emptying "Wnggons nt Ihf 
termination of Kailways wag exhibited and deBfribed by James TIioirsod, 
Esq., Civil Engineer, OlaBgow, P.E.&S. A .—Thanks voted, and referred lo 
a committee; uid Mr ThumKOD was requested to furuisli a written descrip- 
tion, with a diugriim, for the Society's lYaDHactlons. (B'lO.J 

2. On the use of Chlorine for ascertainiag the itinininating power (rf 
Codl-Gas : and on the comparative expense of Light derived from different 
Bourees. By Andrew Fyfe, M.D., F.K.S.E., and FJt.S.S.A. The Safe 
Light andsomootlicrs were shewn — Thanks voted, and abstract to be priald 
in the Transactions. (8*6.) 

The author lirst alluded to espeiimenta made some years ago, in wbiet 
he proposed Chlorine as a means of ascertaining the illuuiinating power of 
Coal-Oas, and he .igain adverted to the subject, owing to bis baving hoen 
lately engaged in on enquiry s.i to the conipnrative illuminating power ef 
gases derived from dilferent sources. In these trials, in addition to the un*1 
ttst, by tbe shadow, he had again recourse to tha action of chlorine, and it 
all Ilia esperimonla he found the results to agree go nearly, that he conceives 
that chlorine maybe employed with the moat implicit confidence for indicat- 
ing tbe illuminating power ; which may he stated to be just as the amonnt 
of condensation. He afterwards related the results of trials made with tlit 
view of finding the comparative expense of light derived from other sourcei. 
—01 from a variety of candies made of tallow, wax, and other substanns, 
and also from oils, consumed both in common lamps and in others with con- 
trivances adapted to them for the mote perfect combustion of the oil. In 
all of these, he found the light from gas by far the cheapest. Next come 
the Solar lamp, and Naphtha, then tbe oils in Argand lumps, and lastly ihc 
caudles, of which the tallow were the least expensive, the wux and sper- 
macoU the most so. lie also stated tliftt the comparative expense of these 
would depend on the quality of the gas, whicli varies much in ditTerent parts 
of the Kingdom, and hence the value of the chlorine test, by which the iUu- 
olinoling power of difierent gases could be easily ascertained. 

3. On a method of softening the tone of the Clarionet for chamber prac- 
tice. By Hr William Muikle, Town-end, Strathnven. Hated cli 
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DD different keys, wrae exiiibited. — ThntikB rut«d, aud referred lo u Com- 

luittee. (BU.) 

4. Dcacription of u Saiiiiig Vestal un a new constiuctiun and Big, capublo 
of perf orniing agrealer number of uvolulions, and more rapidly, than vessels 
on tlie common conbtructiun : lUe Rig being safe, powerful, and bandy. By 
Mr Henry Demjaler, Mariner, Kinghom. A modfil o( tliu tobbgI was ei- 
hibilod. — Thanks voted, and referred to a. Committee. {B45,) 

The following Donations have been received : — 

1. Specimen of Jacqunni Loom-Weaving ; being a copy of an ongcaving 
from Steuben's picture of the Emperor Poler tbe Great in a fisher's boat in 
tk storm ; woven in silk with a warp of inferior qunlity, at the imperial manu- 
factory of Aleiandcosch, near St Petersburg. Presented by General Alci- 
ander Wilson, Hon. M.R.S.S.A.— ThatikH voted. (H30.) 

3. Printed Description of the Monocloid Writing Cabinet, invented by 
TAr TliDB. Sopwith, C.B. Presented by Mr John Sopwith, Newcastle-on- 
Tjne.— Thanks voter!. (RS3.) 

3. Printed Description and Kagrams of Tayler's patent Floating Break- 
water, and Prospettns of the National Floating Breakwater and Refuge < 
I£arbour Company. (1841.) Preseiitod by James Su.itii(Icrs Robertson, E«q. 
W.S., F.R.S.S,A.— Thanks Vo!«d. (04?.) 

PRIVATE BUSINESS. 

1. The following Candiilittes were btilloted for and elected 
fts Ordinary Fellows, viz. : — 

1. Mr John Taylor, Cabinet and Pictore-frame maker, 55 George Strecl. 

2. William Orysdale, Esq. Assistant Clerk of Session, 3 Hart StreeL 
II. Mr Samuel Lcith, Lithographer, South St Andrew 

Street, Associate, having expressed his desire to become an 
Ordinary Fellow in terras of Law V. was enrolled accordingly 

24/A January 1842.— William Galbraitb, A.M., F.R.A.S.. 
Vice-President, in the Chair. The following Communications 
were made ; — 

J, Part First On the variublfl Specific Gravily of the Human Body, 
and on some now principles considered in the mechanism of Drowning. 
By George Glover, Esq., F.R8.8,A., Lectnrer on Natural Philosophy, 
Edinburgh.— Thanks voted. (S6G.) 

Fart Second to be given on a future occasion. 

3. Specimen of Scotch Ullca-Marine. By Mr Murdoch Patetaon, dypr 
Inverness. Referred lo a Committee. (1120.) 

3. An account of M. Trigur'a method of Sinking Pits in moveable or 
watery sunds on Iho Loire, by means of compressed air. I'runslatod from 
Report of the Meeting ol' the French Academy of Sciences of Sd November 
1841, by J.Miluhell, Esq., Loith. CDinmnnicated by Wm. QHlbrnitli, A.M.y 
V.r.R,S,6..4.— Thanks voU'd, (H4I.^ . . , 
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t. Deecripdon, nilh a Drnwing, of a Self-acting Stopper for Windine- 
Eti^nea. By Mr Jaltn Mnilon, engineer, Greenock. Communicated b; 
John Scott IluEscll, Enq., F,B.SS.A., Greenock.— Erferred to a Commit- 
tee. (835.) 

5. Dr Fyfe made a few oddiiional observations on the snbjeet of hit 
Paper on tlie comparative expense of Ligbt from Go;, Oil, Condlet, &c. 
(8*8.) 

6. Proposal for a System of Signals to prevent collision upon Bnilwivi. 
Sjjumcs iJobcrtsoD, Esq., civil and niiniag engineer, Ediabuigh. — Befemd 
to a Committee. (849.) 

7. On bis nppliciilion, permission was given to Hr U. DempsliiT lu with- 
draw for the present bia Soiling '\''essel on a new construction and rig. (8U.) 

The following Donations were laid on the table : — 

1. Lectures on Agrieultnrnl Chemistry nnd Geology, No. V. (July IfllL) 

By Jas. P. W. Jolmsionj M.A. Univereity, Darbnm. I*resented by At 

Autbor.— Thanks voted. (824.) 
3. Tbe Civil Eagioeer and Arehitvct's Jouninl, Hof. SU iind 51. Frc^cnt- 

cd by Mr Knowles. — Thanks voted. (84:1.) 

PRIVATE BUSINESS. 

I, The following Candidates were eletted Ordinary Fellowe, 



I, Juhn Gltlcupie, Esq., 44 Castle Street. 

8. Mr Alexander Kay, plumber, 14-1 Prince's Street. 



owe, J 



14M Fefiruarj/ 1842.— Sir John liobison, K.H., President, 
in the Chair. The following Coniniuiiications were made : — 

1. Part Second of Mr George Glover's communication on Drowning. 
C856.) Tlianka voted.— Part Tliird, on tbe best means of lEesnsciUUon, U 
be given Dt next meeting. 

2. Description of a siinplo and accurate Instrument, adapted to tbe for- 
mation of fine hinges. By Mr John Shearer, 84 George Street, Edinbnrgli. 
Tbe tool was exhibited, and its application shewn. Thanks voted. (8S5.) 

3. A Safety-Cape, &c., for skaters and otliers frequenting the ice, or Im- 
veiling by water, wero oxhibitcd and described by James Simpson, Esq. 
advocate. Tbsnks voted, (8G3.) 

4. Specimens of Sbeet Caoutcliouc, prepared in London by an improved 
process, wero exhibited by Mr James Do wie, boot-maker, London undEdJn- 
borgh, F.H.S.S.A. Tbanka voted. (BB4.) 

6, The Oxyhydrogen Blow -pipe nnd other forms of Blow-pipe* suited lo 
tbe purposes of jen'ollors, goldsmiths, eutlera, nnd other artists, and far 
being used with coal-gna along iritb atmospheric air. were exhibited by Sir 
John Robison, K.H., President R.S S.A,, Mr George CSIover, find .Mr William 
Kirkwood, plumber, ThiatluLano, Edinburgh. The Blow pipes of Sir John 
Bobison and }Ir Kirkwocd, fitted for being used with coal-gas and commoa 
air, were considered to be well adapted, not only for soldering, but for t^H 
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tempering of &teet toals, as it can be Eooti wlieu the steel acquires the pro' I 
per temperature, and thus lendenng it unnecessary to bring back the tem- I 
per, irhich is very bortful in manif cases. 'X'hanlta vote:! to the exhibitors. I 
(866, BUT, (IG8.) 

6. Miyor Plajfair exliibiled some beautiful specinieuB of Daguerreotype 
Portraits, executed by M. Claudet, at the Adelnide Gnlleryj London, by the 
llcfracting Camera. Thanks voted. (860.) 

The following Donations were laid on tlic table : — I 

1. The Civ!l Engineer and Architect's Journal, Nes. 46, 49, and 5S. Fro- I 
scutcd by Mr Knoivles. (BSO-J I 

2. Report of a Committee to the Lord Mayor, &c. of London, on the nui- I 
snnce arising from the Smoke of Manufactories and Steam -Engines. Pre- 
sented by Henry Woodthorpe, Esq. (882.) 

3. Trigonometrical Surveying, Levelling, and Railway Engineering. By 
WilUam Galbraitb, M.A., F.B.S.S.A., F.R.A.S. 1B42. Presented by llio ' 
Author, (uei.) 

Thanks voted to the donors. 

PBIVATE BUSINESS. 

The following Candidates were balloted for, and elected as 
Fellows, viz. : — 

I. Mr Paul Crawford, agent for Falkirk Iron Company, 31 Geo. IV. 
Bridge. i 

i. Mr Bobert MuUer, artist and pianist, 27 George Street. i 

3. Mr William Cuahnie, Malta Green. 

4. Mr William Croall, coach-builder, SI Broughton Stiet^t. 

II. On the motion of the Council, the following distinguish- 
ed foreigners were elected as Honorai-y Members, viz.: — 

1. M. Ic Baron Thenard, Membre de In Soci^te d'Encouragoment jiour I 
I'lndustrie Nationalc de Paris. 

2. M. lo Baron Seguier, do. do. 

3. M. Pouillet, Membre de I'Academio des .Scieuc^s do I'lnatilul, I'rof. 
de Physique au Conservatoire detj Arts et Metiei's. 

28//( February 1842.— Sir John Robisoii, K.H., Presi- J 
dent, in the Chair. The following Communications were ] 
made : — I 

1. Descriptiou, witli Drawings, of a Briue-Oauge, or Salinometer,foc indi* I 
eating (he d^ree of snturnlion of the brine of Marine-Boil crE. Invented 1 
by John ScottHussel!,A.M.,F,R.S.fi.A.,eivilengineer, Greenock. Thanki 1 
voted, und to be piintcd in the TrunsactioUK. (tl7(l.) ■ 

3. On Improvements of the Solar and Qs,} hydrogen Microscope, FoliiriB< tl 
cope, &c. By Mr Thomas Davidson, optician, Edinbuigh, F-R.S.S.A-il 
Referred to a committee. (8S7.) I 

3. Third Notice on the Mechanical Arts of Fettia, including Carpentrj-. I 
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Smiili-work, 'I'urriinsi Slvuii-vultin^, Mills, aud Wat«r-ivurks. 
R«lieTt«im, Etq., civil and miniDg engineer, Edinbun^li, lulo in t 
of tlie SIikU of Porain, DTa^viIlg!i wore cxldbited. Tbonks voted. 
■Uiirl to be priiiUil in tlic Transactions. (G13.J 

■ 4. (>i>ine benulif ul Spcviinena of Electrotype Medals, &&> by Mr Mig 
of Glasgow, were exiiibiled b; Mr Brjson. Tbonks rotud. (mi.) 
The following Doiiiitiuiis were laid on the table : — 

1, New Tables of tlie ElemenlB of Catadiopttic Zones forLigbLsof tt 
first order. Cnkulutcd b; Alan Stevenson, LL.B., F.It S.E., civil engineer, 
Edlnbur^li. Presented by Ibe Antbor. (863.) 

2, Description of a Cofferdam adapted to a hard bottom ; used in excavat- 
ing rock from the navigable channel of the Hirer Kibble. By David Slu- 
i'enson,GEq.,F.B,S.S.A.,nnl engineer, Ed InbargU. Presented by the An- 
tbor. (BG4.) 

3, Registration of Designs in order to sccnre Copyrigiils. By Mr Wil- 
liam Carpmnel, Lincoln'^ Inn. (London, 1842.) I'reaented by Tliomrf" 
Weir. Esq., W.S. (HfiD.) 

Tbiiuks were voted to tlie donors. 



BUSINESS. 

The following Cjiiididates were balloted for, and elected a 
Fellows, viz. :— 

I. Mr John Dickiiian, wHtohmakcr, 113 George Street. 

3. Mr Joseph Alariin Kronbeim, omamental designer, il Bucoln 
Place. 



I 



Lint o/2'aitfiits granted/or Scotland from 20(A June to 20rt ■S 

tembcr 1842. 

, I. To John Ambricus Fanshawe of Hatfield Street, \u the parish J 
Christ-Church, in the county of Surrey, genileman, " an improved mimufM 
tnie of waterproof materia! apiilicable to the purposes of covering and pro- 
tecting surfaces, bodies, buildings, and goods, exposed to water and damp." 

S9th Jane 1642. 

2. To JiMEB EovDEtL junior, of the Oak Farm Works, near Dudley, in 
the county of Stafford, iron-mnster, " improvements in the manufactnre of 
keel -plates for vessels, iron-gates, gnte-posls, fencings, and gratings." — 50th 
June 1S42. 

3. To Michael Cowland of Pond Ynid, Park Street, Southwark, mill- 
might and engineer, " improvements in fumacea." — iOth June 1842. 

4. To TiioHAs Banks of Manchester, in the county of Lancaster, en^neer, 
"certaiainiprovemGuts iu the construction of whculaand tyresof trbceUlo 
b« employed upon railways." — 5th July 1043. 

5. To JoBN Trbsaiiar Jbffree of Blackwall, in the county of Midd 
■ex, enginoer, "certain improvements in lifting and forcing water and oi 
fluid*, parts of which improvumaals are applicable to stenm-engincj 
July 1842. 

6. To Jajies K.1JMVTH of Pariciofl,.nein- M..ndie«lci 
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L:iiirnslcr. engineer, "certain ImproTOmenls in mndiiiiory, or fippatRtiis Tuc 
forging, BUmping, nnd cutting iron imd ollipr BubBtanceB."— 7lh July 10*3. 

7. Tu Charles Auuusrua Treller of East Cheap, in tlie city of Lon- 
don, marcliant, being a rommunicntion from nbrond, '' improvomentB in ma- 
tliitiery for Jircpniing, combing, and drawing wool and goats' hair.'' — 13tJl 
July IB4-2. 

0. To William RevellViqehb of liusseil Squwo, iti tlio county of Middlo- 
EEZ, Esquire, boing a communication from abroitd, " a mode of keeping 
the air in confined placus ia a pure or respirable state to enable persons to 
Tenisin or work under water, and in other places, withonC a constant supply 
of fresh atmospheric air/'— 13th July 1843, 

0. To Gottlieb Bocctos of the New Eoad, Shepherd's Bash, in the 
connty of Middlesex, gentleman, " certain tmprorements in gas, and on the 
methods in use, or burners, for the combustion of gas." — 14th July 1B4S. 

10. To JoHK Hall of Breezes Hill, Eatcliff Highway, in the connty of 
Middlesex, sugar-refiner, " improvements in the construcUon of boilers for 
generaling steura." — IBth July 1842. 

11. To JOHM Elliott FoxofFinsbury Circus, in the city of London, gen- 
tleman, being a communication from abroad, " improvements in steam-en- 
gines."~18tli July 1B-I2. 

12. To William Newton of the Office for Patents, OG Chancery Lane, 
in the county of Middlesex, civil engineer, being a communication from 
abroad, " certain improved machinery for escavating, dredging, and rcn 
ing citrthy and stony matters in the construction of railroads, canals, cleaning 
of rivers, harbours, and redeeming of mnrshy or alluvial soils; also for 
boring rocks, indurated clay, and other earthy matters, for Uie purpose of 
blaeting and removing the same, the whole to be -worked by steam and other 
power."— 25th July 1843, 

13. To Thouas Henosv of Ola^ow, ScoUand, mechanic, "certain i 
provements in machinery for preparing and combing wool, and other fibroul 
materials."— a7th July 1842. 

H. To Thomas "Watbrbouse of Edgeley, in the county of Chester, J 
nufoctnrer, " a certain improvement or improvements in machinery used for 
carding, drawing, and roving cotton, woo!, flax, silk, and other similar fibrous 
material."— 27th July 1842. 

15. To John OsBAtnESTOM of Blackburn, in the county of Lancaster, 
metal heald-maker, " improvements in looms for weaving." — 2ath Ju!^ 
1842. 

16, To William Qeevm of Old Cavendish Street, in tlio county of 
Middlesex, gentleman, " improvements in machinery for cutting cork," — 
Snth July 1842. 

17. To John Woodcock of Manchester, in the county of Lancaster, 
mill-wright, " certain impiovemeuts in the construction of steam- eng in pb." 
— Ist August 1842. 

18, To Albxandes JouNSTOH of Hillbouse, in the county of Edinburgh, 
Esquire, " improvements on carriages, which may uIeo be applied to ships, 
botta, and varioas other pui-poses where locomotionis required."— ad August j 
1843. 

IB. To Julius Sevbell of Golden Square, Westminster, in the coi 
of Middlesex, manufacturing chemist. " certain improvements in the m. 
facture of sniph.itc ol sodi and chlorini-."- lllk Aaiar,l\¥.\i. 
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J.iit of Palmfn. 

20, To Benjamin BtRjtM of Wentworth, in the county of York, colliery- 
viewer, " cerUuQ imptOYemeniB id the construction and appHcntion of ro- 
tary engines." — Ilth August 1842. 

31. To William Hancock the younger, of Amwell Street, in the county 
of MiJdlesex, gentleman, " certain improvemenls in combs and brusliea."— 
letb August 1842. 

22. To Jobs Anthokt Tielens of Fencliuicli Street, in the city of 
Iiondon, mercliant, being a com muni cation from abroad, " improrementa in 
maubinory or apparatus foe knitting." — 32d August 1842. 

23. To Job Cdtleb of Lady Fool Lane, in the borough of Birminghsni, 
f^ntleiuBn, " improvementa in the construction of tubular flue* for Bteain- 
boilers, and in the manufacture of tubes for such and other purposes."— 2^ 
August 1842. 

21, To Hehbv Bahclay of Bedford Row, in tbc comity of Middlesex, 
dentist, " a composition or compositions opplicablo aa tooU or instrumentB 
Tor cutting, grinding or polishing glass, porceluin, stones, metala, and other 
bard substnncos.'"— 25lh August IBIS. 

as. To William Edwabd Newton of the Office for Patonts, 66 Chan- 
cery Lane, in the county of Middlesex, civil engineer, being a comraunics- 
tion from abroad, " improvements in machinery or apparatus for making or 
manufacturing screvrs, screw -Munks and rivets." — Slst August 1812. 

26. To EuoENE DE Varroc of Bryanstone Street, Portman Square, in the 
county of Middlesex, gentleman, '' apporatits to be applied to chimneys to 
prevent tlieir taking fire, and for rendering sweeping of chimneys onnccpa- 
aary.''— 1st September 1842. 

27. To Thomas Mahsde.n of Salford, in the county of Lancaster, ms- 
chine-maker, and Solomon Eobinson of the same place, flax-dresser, " im- 
provements in machinery for dressing or hackling flax and hemp."' — Ist St-p- 
tcmber 1842. 

28. To Samdel Mobanc of Manchester, merchant, " improvements in 
machinery or apparatus for stretching fabrics,'' — 1st September 1012. 

29. To William Henry Kkmpion of South Street, PentonviKe, in the 
county of Middlcaex, gentlemim, '' improvements in the manufacture of 
candles." — 3d September 1842. 

30. To John Qeoboe Huohgs of No. 158 Strand, in the county of Mitklle- 
■ex, general agent, " a new application of telegraphic signals, and the mode 
of applying the same."— 2d September 1G42. 

31. To Joseph Whitwortb of Mnncheatcr, in the county of Lancaster, 
engineer, " certain improvements in machinery or apparatus for cleaning 
roads, and which mucbincry is also applicable to other similar purposes." — 
^2d September 1842. 

32. To JonN TnouAs Betts of gmithBcld Bars, in the city of London, 
gentleman, being a com muni cation from nbrood, " improvements in cover- 
ing and stopping the necks of bottles and other vessels.'' — Sth September 
1842. 

33. To IsiiAM Baogs of Wharton Street, in the county of Middlesex, 
itembt, " improvements in ohtnining motive power by means of carbonio 
leiit."— 8th September 1B42. ^H 
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Agassiz, Professor, on the glacial theory and its recent progress, 21?. 
I Professor, his theory of glaciers, examined by Professor 

Bronn, 36. 
. Professor, on the succession and development of organised 



beings on the globe, 388. 

his recent observations on the glacier of the Aar, 399. 



Air^passages, their ultimate distribution, and the mode i of forma- 
tion of the air-cells of the lungs, by William Addison, F.L.S., 
&c., 207. 

Alps, geological structure of, by M. Studer of Berne, 144. 

Arago, M., on Nebulae, 307. 

on the Milky Way, 326. 

Asbestus of Scharzenstein, in the Ziller Thai in the Tyrol, its com- 
position, 203. 

Barry, Martin, Dr, his additional observations on fibre, 192. 

Borneo, on the occurrence of platina and diamonds there, 284. 

Bowerbank, J. S., Esq., on the organic tissues in the bony structure 
of Corallidae, 206. 

British fossil reptiles, account of, by Professor Owen, 65. 

Bronn, Professor, on some geological and physical considei*at ions con- 
nected with certain portions of the glacier theory of M. Agassiz, 
36. 

Bryson, Mr B., on a new method of illuminating church clocks, 293. 

Buchanan, George, Esq., civil engineer, his description and uses of 
his protracting table, 140. 

Bude-light, report on the, by Andrew Ure, M.D., 91. 

Charpentier, Jean de, on glaciers, and the erratic formation of the 

Ehone, 104. 
Climate of Egypt, remarks on, by Joseph Russegger, Austrian coun- 
cillor of mines, 93. 
Coal and coke, their comparative evaporative power, by Dr Fyfe,31. 
Copper, native, in North America, its geognostic position, 201. 
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Corallidte, tlie organic tissues in tlieii- liony structure, by J. S. 

Bowerbank, Esq. 206. 
Ci-atei', Great, of the Volcano in Hawaii, 202. 

Crustacea, six new Epecies of, described, by Henry Goodsir, Esq., 174. 
Crustaceous animals, new species of, described, by Henry Goodsiri 

Esq., 363. 

Dalmahoy, James, Esq., on the cause of the diminution of the 

of rain as the height above the ground increases, lO. 
Darwin, CLarlen, Esq., on the ancient glaciers of CaernarvondiiMj 



lefill I 
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Diamonds, dieir occurrence in Borneo, 284, 

Diorama, portable, by George Tail, Esq, advocate, 64, 

Egypt, its climate, considered by M. Josepli Kusse^er, Auatriafi 

Councillor of Mines, 93, 
Egg, the metamorphoBcs of the, in the Caligus, Cnrcinus, and Pa- 

gui-us, by H. D. S. Goodsir, Esq., 174. 
Eiabryoli^y, extracts from Professor Valentin's report on, 368. 
Earthquake shocks, notices of, by D.Milne, Esq., 372. 
Erratic formation of the basin of the Ehone, by J. de Charpentier, 

104. 

Fibre, additional obsci-vationa on, by Dr Martin Barry, 192. 
Foraniinifera, fossil, in the green sand of New Jersey, America, 

noticed, 205, 
Forbes, Professor, account of his recent observations on Glaciers, 

338. 
Fyfe, Dr, on the comparative evaporative power of coal and of coke, 3L 
on the prevention of smoke and economy of fuel b 

use of steam, in the patent process of Ivison, 51, 

Geological meeting at Ais, 204. 

structure of the Alps, by M, Studer of Berne, 144. 

Geognostical position of the numerous masses of native coppi 

North America, 201. 
Gookronite, a new species of mineral described, 204. 
Glacial theory, the, by Pi-ofessor Agassiz, 217, 

account of the, by R. I. Murchison, Esq., 124. 

Glacier of the Aar, Professor Agassiz on the, 399. 
Glaciers, recent observations on, by Pi-ofessor Forbes, 338. 
ancient, of Caernarvonshire, notes on them, by ( 

Darwin, Esq.. 3.^2, 
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Glaciers, theory of their formation, by Sii G. S. Maokenzia, 

F.R.S.L. & Ed., 1. 
^—^—^ Essay on, by J. de Charpentier, 104. 
■ ■ ■ — — - observations on, by Professor Bronii, 36. 
Gold crystallized, account of, 203. 
Goodsir, Henry, Esq., his description of six new species of ci-ustftcoa, 

&c., 174. 
on some new cruataceous animals found in the Firth of 

Forth, 363. 
Goodsir, John, Esq., M.W.S., on the Gtructure of the intestin&l tHU 

in nmn, and certain of the nmmnialia, with some observations on 

digestion, and the absorption of chyle, 165. 
Gray, Lord, his meteorological table for 1S41, 195. 

Hawaii, its great crat«r described, 202. 

Hopkins, Mr, on the influence of mountains on temperature in the 

winter in certain parts of the northern hemisphere, 88. 
Hood, Charles, Esq., on some peculiar changes in iron, 286. 



Illuminating church clocks, a new method of, I: 
Jamesonite, new localities of, 203. 



■ Mr Bryson, 293. 



Mackenzie, Sir George, his hypothesis to aceoiint for the origin of 

glaciers, 1. 
Meteorological table, 195. 
Milky Way, on the, by M. Arago, 326. 
Milne, David, Esq., his notices of earthquake shocks, 372. 
Molcules, on a re-arrangement of, in a body after solidification, by 

R. Warington, Esq., 292. 
Morton, S. G., M.D , his remarks on the ancient Perurians, 335. 
Mountains, influence of, on tempei'ature, by Mr Hopkins, 88. 
Murchison, R. I., Esq,, on the glacial theory, 124. 

Nebulre, on, by M. Arago, 307. 

Owen, Professor, on British fossil reptiles, 65. 

Patents, list of new, 211, 414. 

Paving streets, improvement in, 208. 

Persia, on the mechanical arts of, by James Rubertson. Faij-, 296, 

Peruvians, ancient, remarks on ihem, by Pr Morton, 335. 



Platina, its owurronce in Borneo, ! 
Protrmfiting table, Mr BuHiaiiairs, 



Publicati&nfi, 



Raiii, on the diminution of, as the lieiglitaliove the ground increaws, 

by James Dalniahoy, Ksq., 10. 
Bain-gaiiges, on tlic imperfections of, h; T. Stevenson, Esq., 12. 
Reptiles, fossil, of Britain, account of, by Professor Owen, 65. 
Robertson, Jnmes, Esq.. on the nieelutnical ai-ts of Persia, 296. 
Russcggor, Joseph, Austrian councillor of Mines, his remarks on 

the chmote of Egypt, 93. 

Bonds, sounding, account of. 204. 

Sohwann, M., on the conformity of structure and growth in animals 

aiid plants, 21. 
Silk-worms, 207. 

Sinole, on the prevention of, by Dr Fyfe, 51. 
Snail-ti-ade of Uim, 207. 
Society, Wernerian, its proceedings, 197. 
— ■ - Royal Scottish, of Arts, 199, 403. 

■ Royal of Edinburgh, its proceedings, 196. 

Stevenson, Thomas, Esq., on the defects of rain gauges, 12, 
Stratification, fan-sliaped, account of, 200. 
Sluder, M., on the geological structure of the Alps, 144. 
S*ainBon's library, recovery of, by Mr Maclcar and Rev. Dr Adani' 
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Tait, George, Esq., advocate, on producing the effect of a fog in a 

portable diorama, 64. 
Time, eastern mode of measuring, 209. ^ 

Travelling, speed of, 208. ^^M 

Ure, Andrew, M. D., on the Bude-light, 91. ^| 

Valentin, Pi-ofessor, exti-acts fraiii his report on embryology, 368. 
Villi, intestinal, their structure in man and certain of the niamnulia, 
by John Goodair, Esq.. 165. 



Wariugton, R , Esq., on a re-arra] 

body after solidiRcntioii, 292. 



foment of the molecules 
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